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The genus Cooperia 


H. Harotp HuME 


Bulbs collected by the Scotch plant explorer, Thomas Drummond, in 
eastern Texas were sent to the Botanic Garden, Glasgow, in 1834, and 
from there distributed to a number of plant lovers in Scotland and Eng- 
land early in 1835. Among the first flowers produced from these bulbs in 
Great Britain was one secured by Joseph Cooper, gardener at Wentworth 
House in Yorkshire, England, the country seat of Earl Fitzwilliam. This 
estate evidently had plant collections of considerable size as it has been 
referred to as a botanic garden. With the Wentworth specimen in hand, 
William Herbert (1836) established the genus Cooperia commemorating 
the name of Mr. Cooper. To the type species the name C. Drummondii 
was given in honor of Thomas Drummond. The illustration (Botanical 
Register pl. 1835) accompanying the description bears the date February 
1, 1836. 

Among Drummond’s bulbs was another belonging to the same group 
which flowered in the collection of Doctor Neill, Canonmills, near Edin- 
burgh, Scotland, July, 1835. This presented certain characters different 
from C. Drummondii, and D. Don (1836) described it as Zephyranthes 
Drummondii without having seen the living plant. The plate (Sweet, Brit. 
Fl. Gard. pl. 328. 1836) from a drawing by James MacNab, accompanying 
the description, is dated March 1, 1836. A short time after Herbert had 
established the genus Cooperia, R. Graham (1836) published a description 
of Don’s Z. Drummondii, under the name Scepiranthes Drummondii, from 
a flower produced by J. Dickson and Son early in March, 1836. He believed 
it to be distinct from both Zephyranthes and Cooperia and pointed out 
certain respects in which he thought it differed. Later Herbert properly 
described this plant under Cooperia giving it the name Cooperia peduncu- 
lata, the specific name, Drummondii, given by Don and by Graham, having 
been applied already, as just stated, to another species in the genus. 

It is worth noting that three generic names were used, all within a very 
short period of time: Cooperia (February 1, 1836), Zephyranthes (March 1, 
1836), and Sceptranthes (March 10, 1836), evidence of the keen botanical 
interest in these plants at the time of their first flowering in Great Britain. 
Priority in establishing the genus belongs to William Herbert. 

While Cooperia is related to Zephyranthes so closely that the two fre- 
quently have been confused and hybrids between them have been secured, 
it is to be separated from the latter genus by the longer perianth-tube, 
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very short filaments, erect, not versatile anthers, scented flowers, and 
night-blooming habit. 


CooperiA Herb. Bot. Reg. pl. 1835. F 1836. 


Sceptranthes Graham, Edinb. New Phil. Jour. 20: 413, 414. Mr. 1836. 

Acaulescent herbs with coated bulbs and linear, glabrous, erect, recum- 
bent, or decumbent leaves; flowers borne singly on an erect hollow scape; 
spathe membranous, tubular in the lower part; perianth white tinged outside 
with red or green of six parts (three sepals and three petals) partly united be- 
low to form a tube, the tube elongate, cylindric or slightly dilated upward; 
calyx- and corolla-lobes usually spreading; stamens six, with very short tri- 
angular filaments, adnate up to the throat of the perianth tube; anthers 
slender, erect (not versatile); stigmas round-lobed; style filiform; ovary three- 
celled, sessile or stipitate; capsule membranous, loculicidal, three-lobed; seeds 
numerous, flattened, thin, black. Flowers produced in spring, primrose 
scented, opening in the evening. 


Though John Lindley published at one and the same time descriptions 
by Herbert (1836) of two plants in connection with Herbert’s definition 
of the genus, Cooperia Drummondii should be regarded as the type. It is 
given first place in the discussion with a brief note on C. chlorosolen added. 
Later Herbert (1837) placed the latter as a variety of C. Drummondit. 

In North America, cooperias of one kind or another are native from 
northeastern Mexico to New Mexico, Kansas and southwestern Louisiana. 
Outside this area only one other species, C. albicans, from Peru, is known. 


KEY TO COOPERIA 
Ovary not stipitate. 
Perianth-tube greatly elongate [6.5-18 cm.]: style as long as or longer than the perianth tube. 
Calyx- and corolla-lobes relatively broad, imbricate below the middle. 
Perianth-limb rather small, less than 4 cm. wide; tube slender, red-tinged; calyx-lobes 


white. 1. C. Drummondii 
Perianth-limb large, over 4 cm. wide; tube stout, green; calyx-lobes lined with green with- 
out. la. C. Drummondtt chlorosolen 
Calyx- and corolla-lobes narrow, not imbricate. 2. C. Traub 


Perianth-tube shorter [7-11.2 cm. see descr.]; style much shorter than the perianth-tube: 
calyx- and corolla-lobes broadly lanceolate, 4-4.5 cm. long. (Peruvian) 3. C. albicans 

Ovary stipitate 
Perianth-tube relatively short [0.5-9 cm.] calyx- and corolla-lobes imbricate: ovary and stipe 


included in the spathe. 4. C. pedunculata 


1. CooperRIA DrumMMoNDI Herb. 


Bot. Reg. 22: pl. 1835. F 1836. 

Cooperia Drummondiana Herb. Amaryll. 178. 1837. 
Bulb large, subglobose, 2X3 cm., the neck 2 to 9cm. long, not pronounced 
in some specimens, the tunics black; leaves 2 to 5, narrow, linear, gray-green, 
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upright or declinate, 2 mm. wide, 30 cm. long; scapes 2 to 3 mm. wide, 10 to 
21 cm. long, commonly solitary or two together, gray-green above, shading 
to reddish-brown below; spathe slender, thin, membranous, pink-tinted, com- 
monly looped at the tip, sometimes bifid, 3.5 to 6 cm. long, 2.3 to 4.2 cm. to 
the slit; the spathe-tube embracing and extending above the ovary, about 
one third as long as the perianth-tube; stipe none; perianth-tube slender, 
elongate, greenish white or pinkish white, 6.5 to 18 cm. long, 2.5 mm. thick; 
perianth-limb opening flat, or stellate with margins of lobes incurved, white, 
pink tinted on outer surface, calyx lobes ovate to lanceolate 2.4 cm. long, 1.3 
cm. wide, with blunt tips, corolla-lobes 2.2 cm. long, 1.2 cm. wide; stamens 
erect, filaments white 3 mm. long, 1.5 mm. wide, rectangular in outline, 
apices concave; anthers erect creamy yellow, 9 mm. long, attached to filaments 
one third of length from base; ovary almost cylindric, 6 mm. long; style white 
slightly clavate, 9.5 cm. long reaching to middle of anthers or extending above 
them; stigmas lobed, the lobes depressed 1 mm. X 1.5 to 2 mm.; capsule of three 
rounded depressed lobes, 1 cm.X1.5 to 2 cm.; seeds numerous thin, flattened, 
black, half circular or rounded triangular in outline, 5 mm. X 8mm.—Season 
May-August. 


Although there are specimens of C. Drummondii collected by Drum- 
mond (411) in various herbaria (Kew, British Museum, Edinburgh), a 
type specimen is unknown. Herbert based his diagnosis upon a fresh 
flower produced by a bulb collected by Drummond. All of Drummond’s 
herbarium specimens seen are without bulbs. Apparently he removed them 
before sending his material from Texas. Lindheimer collected the species 
at an early date, 1847-1849. Herbert had also received bulbs of Drum- 
mond’s collection which he planted and flowered in his greenhouse at 
Spofforth, England. 

Of all the cooperias known at this time, C. Drummondii is the most 
widely distributed. It is a native plant in northern Mexico and ranges as 
far north as New Mexico, Kansas, and Louisiana, with its most abundant 
distribution in Texas. 


la. COOPERIA DRUMMONDII var. CHLOROSOLEN Herb. 


Baker Handb. Amaryll. 27. 1888. 


Cooperia chlorosolen Herb. Bot. Reg. under pl. 1835. F 1836. 


Cooperia Drummondiana var. chlorosolen Herb. Amaryll. 178. pl. 24, f. 1. 
1837. 


“Perianth tube stouter, tinged with green; limb longer, less rotate. Leaves 
a little broader.”’ J. G. Baker (1888). 

Herbert secured flowers of C. Drummondii in his greenhouse at Spof- 
forth, England, from bulbs collected by Drummond in Texas between the 
Brazos River and San Felipe (Drummond 411). Another bulb of the same 
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lot bore leaves and early in January, 1836, produced a flower that differed 
in some particulars from those of C. Drummondit. This plant he described 
briefly as C. chlorosolen (1836) and two months later followed with a 
colored plate and a longer, more detailed description. At this time he said 
it “differs from Cooperia Drummondii . . . in having a much larger limb, 
the tube green, and the sepals lined with green on the outside, the leaves 
longer and wider, the filaments free from the tube one-eighth instead of 
one-sixteenth and the style shorter than the tube.” 

Later Herbert (1837) placed his Cooperia chlorosolen as a variety of 
C. Drummondii and changed the spelling of the latter specific name with- 
out offering any explanation as to why he reduced it to a variety. Baker 
accepted Herbert’s disposition of the plant and supplied the brief de- 
scription quoted above. 

Cooperia Drummondii chlorosolen rests solely upon Herbert’s original 
description. Specimens labeled ‘‘chlorosolen” are in herbaria but they pre- 
sent in their dried state no characters by which they can be distinguished 
from the species. Features emphasized by Herbert and by Baker, and in 
a note by Weathers (1911) at a more recent date, ‘The variety has stouter 
flower-stems, flowers tinged with green and having less spreading seg- 
ments” are not sufficient to establish the varietal position of the plant. All 
descriptions and comments, it appears probable, are based upon the origi- 
nal description by Herbert and no greater variations than are to be found 
among related plants are indicated. There is need for further field work 
and a careful study of growing flowering plants and their offspring if they 
can be secured before it can be determined whether it is actually entitled 
to varietal rank or whether it may be a species or whether it is only a color 
variant. Nowhere does Herbert indicate that he had secured more than 
a single flower of it. The illustrations (Sceptranthes Drummondii and 
Cooperia chlorosolen) given by Loudon (1841) show two flowers that are 
quite distinct in general appearance and S. Drummondii is quite different 
from Herbert’s (1836) illustration of C. Drummond1i. 


2. CoopeRIA TRAUBII Hayward 


Am. Amaryll. Soc. 3: 63-66. 1936. 


Bulb globose 1.6 cm. diameter; the neck 2.7 cm. long; leaves about four, 
linear, glaucous, recumbent, to 22.5 cm. long; scape slender, cylindric, 17.5 
to 19 cm. long; spathe cylindric, light tan-colored, about one-third as long as 
the perianth-tube, 4.8 cm. long over all, the tips 1.4 cm. long, slender, acute; 
stipe none; perianth-tube very slender, cylindric, expanded slightly at apex; 
perianth-limb star-like, white, faintly tinted pink outside, 5.5 cm. expanded, 
15 cm. long including ovary, calyx- and corolla-lobes separated, slightly re- 
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curved at anthesis, white within, faintly pink tinted on outer surfaces of 
three sepals lanceolate, rounded at the tips, 3.4 cm. long, 6.9 mm. wide; 
stamens with very short white filaments; anthers erect, slender, light-colored; 
ovary 7 mm.X5 mm.; style slender, white, 12.5 cm. long; stigmas white, with 
short rounded lobes expanded 3 mm. elevated about 10 mm. above anthers.— 
Season June. 


This cooperia is known only from the vicinity of Angelton, Texas, 
where it grows in grassy plains. Bulbs were collected by R. H. Stansel and 
sent to Dr. H. P. Traub, Orlando, Florida. Flowers were produced in the 
trial garden of the American Amaryllis Society, Winter Park, Florida. 
One of these is preserved as the type specimen (1,634,673) in the U. S. 
National Herbarium. The species is most closely related to Cooperia 
Drummondii Herb., which it resembles in its non-stipitate ovary and 
length of the perianth-tube, but from which it apparently differs in narrow, 
slender leaves, larger flowers and separated, somewhat recurved calyx- 
and corolla-lobes. 


3. COOPERIA ALBICANS (Herb.) Sprague 


Kew Bull. 386. 1928. 

Lilio-Narcissus monanthus flore albicante tubo praelongo Feuillée, Jour. 
Obs. (Hist.) 29. pl. 20. (sinistra) 1725. 

Pyrolirion albicans Herb. Amaryll. 184. 1837. 

Zephyranthes albicans Baker Amaryll. 38. 1888. 

Bulb medium size, subglobose, short-necked in specimens examined, black 
or dark-brown to brown, 2.5 cm. X2 cm., without offsets; leaves 3 on specimen, 
slender below, widening upward thence tapering to apex, linear-oblanceolate, 
with incurved margins, striations present, 7-nerved, 2.5 to 4.0 mm. wide, 12 
to 20 cm. long; scape 1 in specimen, subcylindric, 3.5 to 4.5 mm. wide, 7 cm. 
long; spathe membranous, 4.2 cm. long, 2.2 cm. to slit, shorter than the peri- 
anth-tube, unilateral with slender, acuminate tips; stipe none; perianth-tube 
slender, 7 cm. long, slightly expanded at summit, 11.2 cm. long, including 
Ovary, greenish-white; perianth-limb white, about 7.5 cm. expansion; calyx- 
lobes broadly lanceolate, 4 to 4.5 cm. long, 1.7 cm. wide, separated near apex, 
imbricate near base, white, rounded; corolla-lobes 1.5 cm. wide, some slightly 
narrower; stamens with flattened deltoid filaments, slightly united toward 
base, upper parts oblong, tapered to apex, 1 m.X0.7 m.; anthers 3 mm. long; 
ovary oblong, 1 cm.X5 mm., style short, about 3 mm.; stigmas spatulate, 
slightly above the anthers, 3-4 mm. expansion. 


Cooperia albicans, known in botanical literature under one name or 
another over a period of more than two centuries, has an interesting his- 
tory. It was discovered in dry soil at Ylo, Peru. Feuillée (1725) described 
it under the phrase “Lilio-Narcissus, flore albicante tubo praelongo.” 
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Herbert based his disposition of the plant upon Feuillée’s discussion and 
referred it to Pyrolirion as a doubtful species with the name P. albicans, 
at the same time indicating his thought that it might be a Cooperia. 
Roemer (1847) followed Herbert, supplied a brief description and, with a 
question mark, expressed doubt concerning its classification. Kunth (1850) 
placed it under Pyrolirion as a doubtful species with a brief description 
based upon Herbert’s diagnosis. Baker (1888) transferred it to his Pyro- 
lirion section of Zephyranthes as Z. albicans. There it remained until 
Sprague (1928) secured fresh flowers from bulbs collected at Mollendo, 
Peru, furnished by Major Albert Pam. His conclusion that the fresh ma- 
terial belonged with Feuillée’s plant and both to the genus Cooperia ad- 
mits of no doubt. Hence the combination Cooperia albicans (Herb.) 
Sprague. 

Specimens of this plant in herbaria are not numerous. In addition to 
those in the herbarium of the Royal Botanic Garden, Kew, there is a fine 
set in the Museum Botanicum Berolinense. This consists of nineteen more 
or less complete specimens on four sheets, collected in 1902, by Dr. A. 
Weberbauer (Flora von Peru 1510), at Mollendo, Peru. There is in the 
Herbarium Field Museum a specimen, 609,717, of this collection by 
Weberbauer. It will be noted that in the same locality the bulbs presented 
by Major Albert Pam to the Royal Botanic Gardens, Kew, from which 
Sprague secured his flower specimens were collected. The presence of this 
species far south of the North American area for the genus and on the 
other side of the equator is of interest to the student of plant geography. 
Its distribution is paralleled in the related genera Zephyranthes and 
Habranthus, species belonging to which are similarly separated. 

Cooperia albicans is apparently the largest flowered species of the 
cooperias known at this time. It is quite distinct from others in its wide, 
reflexed calyx- and corolla-lobes. In its native home it is known as ‘‘aman- 
caes”’ or “flor de amancaes.” 


4. COOPERIA PEDUNCULATA Herb. 


Amaryll. 179. pl. 42, f. 3. 1837. 


Zephyranthes Drummondii D. Don Sweet Brit. Fl. Gard. pl. 328. Mr 1 
1836. 

Sceptranthes Drummondii Graham Edinb. New Phil. Jour. 20: 413. Mr 10 
1836. 

Bulb large, torpedo-shaped when young, flattened-globose when old, dark- 
brown to black, 2.5 cm. X4 cm.; the neck long, 5-8 cm., both bulb and neck 
with abundant covering of old sloughing tunics; leaves 4 to 6, linear, 5 to 6 
mm. wide, glaucous-green, twisted and recumbent; scapes solitary or 2 or more 
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together, cylindric, 3 mm. wide, 13 to 16 cm. long, glaucous-green; spathe 
thin and membranous, sack-like, pink, 3.5 to 4.5 cm. long, 2.2 to 3.7 cm. to 
slit, the tubular portion extending well above the ovary and completely en- 
closing it, the tips bifid or looped, attenuated; stipe short, 0.5 to 3.3 cm. long; 
perianth-tube cylindric, slender, expanded very slightly and gradually upward, 
3 to 4.cm. long, with ovary 6.5 to 9 cm. long; perianth-limb broadly funnel- 
form,? expansion 5 cm., white, flushed pink without; calyx-lobes oblong- 
obovate, 2.7 cm.X1.6 cm., imbricate, white flushed pink outwardly, apex 
rounded-cuspidate; corolla-lobes white tinted pink, rounded at the apex; 
stamens in two sets of placements, one slightly above the other; filaments 
short, white, triangular, 1 to 2.5 mm. long, anthers cream-yellow, erect, 
6-8 mm. long; stigmas white, rounded, 2 mm. expansion; ovary ovoid, 
1 cm.X5 mm.; capsule bluntly triangular, 1.6 cm. along each side, 1.5 cm. 
high, slightly tapering downward; seeds numerous, thin, black, 4X7 mm. to 
6X9 mm. 


Compared with Cooperia Drummondii the distribution of C. peduncu- 
lata is restricted. It is found in Texas and in the adjacent parts of Mexico 
—Coahuila, Nuevo Leon, and Tamaulipas. 

Its bulbs are torpedo-shaped when young and amply provided with 
contractile roots! by means of which they are pulled down into the soil. 
Under garden conditions in Florida’s sandy soil, bulbs have been found 
at a depth of 30 cm., but, judging from the necks of herbarium specimens, 
they are commonly found at a depth of 8 to 10 cm. under natural condi- 
tions. Mature native bulbs are turbinoid, long-necked, and provided with 
copious sloughing coats. Such coats commonly are associated also with 
certain species of bulbs, inhabiting dry soils, belonging to the related 
genus Zephyranthes. 


SPECIES EXCLUDED 
COOPERIA MEXICANA Herb. 
Amaryll. 182. 1837. 


Cooperia mexicana Herb. was listed by Herbert as a doubtful species, 
the bulbs and leaves only of which were known to him. It was imported 
from Mexico by Mr. Loddiges, Hackney, England. Lacking a description 
of the flower, it is not possible to assign the name to any known plant. 
Cooperia mexicana Herb. must therefore be regarded as a nomen nudum. 
The name has been placed as a synonym (1893) for C. Drummondii, but 
upon what grounds is not apparent. 


' Contractile roots probably are to be found on bulbs of all species of Cooperia. 
Those of C. Drummondii have been the subject of special study by Church (1919). 
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COOPERIA MIRADORENSIS Kriinz. 
Repert. Sp. Nov. 21: 75. 1925. 


Cooperia miradorensis Krinzlin was based upon a specimen (Liebmann 
7925:), consisting of a scape and flower, now in the herbarium of the Uni- 
versity of Copenhagen. It was collected by Frederik M. Liebmann in a 
field at Mirador, Mexico, where he made his headquarters from time to 
time while collecting plants and herbarium specimens in Mexico for the 
Botanical Garden of Copenhagen during the period February 7, 1841, to 
May 6, 1843. Owing to the scanty nature of the material and the difficulty 
of making out certain features, Krianzlin’s description is lacking in im- 
portant details. Opportunity has not been afforded for examining the 
original specimen, but through the kindness of Dr. S. C. Simms, late 
Director, Field Museum of Natural History, a photograph of it has been 
available. There is nothing in the original description or apparent in the 
photograph to indicate in what respects this plant is to be set apart from 
the genus Zephyranthes. To this genus it quite apparently belongs and 
it is so referred here without attempting to indicate definitely the identity 
of the species. It closely resembles Z. macrosiphon Baker, a Mexican 
species the exact native habitat of which is unknown. 


GARDEN VALUES 


Fine flowering clumps of Cooperia may be secured in the garden by 
planting a number of bulbs close together (two to three inches apart) and 
three to four inches deep. Mature, well grown bulbs usually produce 
several flowers in spring (April to June). Since they open in the evening 
and remain open during the night they are valuable in the garden for that 
time of day and the primrose scent of the flowers is an added attraction. 
They are easily grown in well drained soils in southern gardens. Bulbs are 
readily grown from seed and from bulb cuttings. Cooperias of one sort or 
another are to be found here and there in gardens of the Gulf Coast 
country. In Florida they have been noted at different points from Key 
West to Gainesville. 

THE UNIVERSITY OF FLORIDA, 

GAINESVILLE, FLORIDA 
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Additional Miocene plants from Grand Coulee, Washington 


EDWARD W. BERRY 
(WITH EIGHT FIGURES) 


In 1931 I published an account of a Miocene flora collected at Grand 
Coulee, Washington, by several interested citizens of that state.' 

Since that time I have received material from this same locality from 
George F. Beck of the State Normal School at Ellensburg, Washington. 
Mr. Beck is himself making a study of the fossil woods of the state and 
his results promise to be of the greatest importance not only in themselves 
but as a check on the identification of the fossil leaves from the associated 
beds. 

Since it seems hardly likely that I will have the opportunity to make 
any extensive contribution to this fascinating problem, it seems highly 
desirable to place on record the additional species that have been recog- 
nized from Grand Coulee. 

The flora thus far discovered at this locality is strikingly similar to 
that described from the Latah formation of eastern Washington and 
Idaho and any conclusions regarding its ecology or botanical character 
would necessarily be similar to those reached from a study of the latter.’ 

The present additions to this flora comprise the following: 

Castanea orientalis Chaney 

Castanopsis consimilis (Newberry) Brooks 

Cornus Becki Berry 

Diospyros Andersonae Knowlton 

Fagus pacifica Chaney 

Ginkgo adiantoides (Unger) Heer 

Juglans oregoniana Lesquereux 

Liquidambar californicum Lesquereux 

Magnolia Inglefieldi Heer (?) 

Magnolia spectabilis Knowlton 

Quercus spokanensis Knowlton 


Quercus ursina Knowlton 
Rhus Merrilli Chaney 


The following deserve special comment: 
Ginkgo adiantoides (Unger) Heer 
(Figure 2) 


Ginkgo adiantoides (Unger) Heer, Flora fossilis arctica, 5*: 21. pl. 2. f. 7-10. 
1870. 


' Berry, E. W. U.S. Geol. Survey Prof. Paper 170, pp. 31-42, pls. 11-13, 1931. 
* Berry, E. W. Idem. 154, pp. 225-265, pls. 49-64, 1929. 
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Ward, U.S. Geol. Survey Sixth Ann. Rept., 549. pl. 31. f. 5, 6. 1886; idem., 
Bull. 7: 15. pl. 1. f. 5, 6. 1887. 

Chaney, Chicago Univ. Walker Mus. Contr. 2: 159. pl. 5. f. 1. 1920. 

Knowlton, U. S. Geol. Survey Prof. Paper 140: 25. pl. &. f. 10, 11. 1926. 

Berry, Geol. Survey Canada Bull. 42: 96, Natl. Museum Canada Bull. 63: 
18. 1930. 

Mason, Carnegie Publ. 346: 145. pl. 1. f. 1. 1927. 

Ashlee, Northwest Science, 6: 72. 1932. 


Although individually much less abundant than most of its associates 
the Ginkgo has an unparalleled geographic and geologic range. The leaves 
are very conservative in their organization and also in their great varia- 
bility from the Jurassic to the present. Consequently authors differ in 
their specific segregations. It is customary to refer the leaves found in the 
Tertiary to Ginkgo adiantoides although they are indistinguishable from 
such Cretaceous forms as Ginkgo laramiensis Ward or Ginkgo pseudoadian- 
toides Hollick, or from selected specimens of the existing species. 

It seems hardly possible that a single botanic species should continue 
unchanged through such a vast lapse of time, but if there are specific dif- 
ferences one would hardly expect the specific bounds to coincide with the 
artificial boundaries of the geologic time scale. 

Although I have followed the traditional procedure in the present case, 
it would seem from the distinctly Asiatic relationship of so many of the 
associated species that these late Miocene examples from Washington, 
Oregon and Idaho are more likely to be identical with the living species 
than with the early Tertiary form which is so widely distributed through- 
out the Holarctic region. In fact De;j:ape* has not hesitated to refer lower 
Pliocene specimens from France to the existing Gingko biloba Linné. 

The figured specimen from Grand Coulee is entire, a condition fre- 
quently seen in leaves of the existing species. I have numerous specimens 
of the latter that exactly match the fossil. 


Juglans oregoniana Lesquereux 

Juglans oregoniana Lesquereux, Mus. Comp. Zool. Mem. 6: 35. pl. 9. f. 10. 

1878. 
Knowlton, U. S. Geol. Survey Bull. 204: 36. 1902. 

Rhus bendirei Lesquereux, U.S. Natl. Mus. Proc. 11: 15. 1888 (according to 
Knowlton). 

Juglans hesperia Knowlton, U. S. Geol. Surv. 18th Ann. Rept., pt. 3: 723. 
pl. 99. f. 8. 1898. 

Juglans egregia Berry, Idem. Prof. Paper 170: 35. pl. 11. f. 3. 1931 (not Les- 
quereux). 


* Depape, G. Compt. rendu Acad. Sci. 157: 957. 1913. 
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I am not sure that Juglans egregia as defined by Lesquereux represents 
a botanic species distinct from Juglans oregoniana Lesquereux since 
both are very similar and highly variable but I have only included the 
leaves from Grand Coulee which I identified as the former. As thus con- 
ceived the species includes material from the Mascall formation of Oregon 
and the Payette formation of Idaho. 


Castanopsis consimilis (Newberry) Brooks 
Figure 6 
Quercus consimilis Newberry, Proc. U. S. Natl. Mus. 4: 505. 1883: U. S. Geol. 
Survey Mon. 35: 71. pl. 43. f. 2-5, 7-10. 1898. 
Castanopsis consimilis Brooks, Ann. Carnegie Mus. 24: 285. pl. 6. f. 2; pl. 7. 
J. 3, 4; wh. &. f. 1-5 etc., 1935. 


Without implying complete agreement with Brooks’ conclusions or 
the synonymy given by her for the above species, it would seem that a 
good case is made out for referring these leaves to Castanopsis instead of 
Quercus. I figure a typical specimen from Grand Coulee. 

The genus, usually confused with other Fagaceae in the geological 
record, is represented by a single large tree (shrubby at high elevations) 
from southwestern Washington to southern California and by over a 
score of oriental species ranging from southern China to the eastern Him- 
alayas and the Malay archipelago. The fossil is more like several of the 
Asiatic species than it is like the single surviving North American species. 


Quercus ursina Knowlton 


Figure 8 


Quercus ursina Knowlton, U. S. Geol. Survey Bull. 204: p. 51. pl. 7. f. 2, 3. 
1902. Berry, Idem. Prof. Paper 154: 246. 1929. 


This species was based upon small 5 to 7 lobed leaves from the Mascall 
formation of the John Day basin in Oregon. It was subsequently detected 
in the Latah formation around Spokane, Washington and at both locali- 
ties it was associated with the leaves identified as Quercus Merriami 
Knowlton. The leaf from the diatomaceous boulders at Grand Coulee 
which is here figured agrees very closely with Knowlton’s types of Quercus 
ursina. It has 5 conical lobes prominently bristle-pointed and an extra 
bristle on one side near the tip. The base is less cuneate and more curved 
truncate, but is distinctly decurrent. Quercus ursina seems to have suf- 
ficient individuality to constitute a good botanical species. On the other 
hand its constant association with a great variety of highly variable oak 
leaves leads to a strong suspicion that it is simply a variant of one of these. 
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Magnolia spectabilis Knowlton 
Figure 1 
Magnolia spectabilis Knowlton, U.S. Geol. Survey Mon. 32: 718. pl. 93. f. 1, 2. 
1899. 
Magnolia dayana Knowlton (not Cockerell) Idem., Prof. Paper 140: 41. pl. 
24. f. 3. 1926. 
Magnolia sp., Knowlton, Idem., pl. 27. f. 1. 


The fine specimen from the brown sandy clay at Grand Coulee is 
identical with the material from the Latah formation at Spokane which 
Knowlton referred to Magnolia dayana Cockerell, a species from Chalk 
Bluff, California, and which I am sure is not that species. 

The specimen from Spokane which Knowlton described as Magnolia 
sp. is, I believe, a variant of this same species. All of these appear to repre- 
sent Magnolia spectabilis described originally from the supposed Miocene 
of Yellowstone Park. It would perhaps be useful to recharacterize this 
species which may be done in the following terms: Leaves prevailingly 
large, elliptical-lanceolate, with a cuneate base and an abruptly pointed, 
usually not extended tip. Margins entire, usually evenly rounded but some- 
times slightly undulate. The texture is not thick and leathery as Knowl- 
ton stated or as is found in the modern American evergreen Magnolia 
foetida Sargent but, as near as I can make out was fairly thin and stiff 
and might merit the term subcoriaceous. Length up to 20 centimeters. 
Maximum width up to 8.25 centimeters. 

The petiole is very long and stout, curved, and enlarged at the base. 
Usually not preserved, it is complete in the Grand Coulee specimen and 
is about 6.5 centimeters in length, which is much longer than in most 
species of Magnolia. The midvein is stout and prominent. The second- 
aries are stout and prominent, 12 to 20 mostly alternate pairs, diverging 
from the midvein at angles of between 50 and 75°, generally rather straight 
proximad, becoming curved distad and eventually camptodrome. Terti- 
aries usually well marked comprising looped marginals and internal per- 
current or forked veins at right angles to the secondaries and near the 
midvein subparallel with the secondaries both fading into an open more 
or less quadrangular areolation. 

Knowlton thought that this species was an evergreen and this is pos- 
sible although I can find no conclusive proof of this. He compared it with 
the living Magnolia foetida but it is less thick, less elliptical and has a longer 
petiole. It is more like the narrower leaves of the existing eastern Asiatic 
Magnolia obovata Thunberg which again has a much shorter petiole. Some 
of the forms from the Latah formation which have been referred to Laurus 
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grandis Lesquereux, as for example Knowlton’s plate 24, figure 1, are 
certainly very similar to what is here called Magnolia spectabilis and I 
am not at all sure that they should not be transferred to the latter species. 
On the other hand specimens from the Latah which I have referred to 
Laurus grandis, as for example my plate 58, figure 3 appear to me to be 
lauraceous and quite distinct from Magnolia. 

I have tentatively identified Magnolia Inglefieldi Heer from Grand 
Coulee and it is interesting to note that Knowlton compared Magnolia 
spectabilis with that species. The numerous specimens from the Arctic 
which Heer identified and figured as Magnolia Inglefieldi, if correct, show 
a wide range in size and form, and it is quite possible that the two mag- 
nolias from Grand Coulee represent the variants of a single botanical 
species. 

Magnolia Inglefieldi Heer (?) 
Magnolia Inglefieldi Heer, F|. Foss. Arct. 1: 120. pl. 3. f. 5c; pl. 16. f. 5, 6, 8b; 
pl. 18. f. 1-3. 1868: Idem., 2: 478. pl. 44. f. 5b; pl. 51. 1871: Idem., 7: 
121. pl. 69. f. 1; pl. 85. f. 3; pl. 86. f. 9. 1883. 
Lesquereux, U. S. Natl. Museum Proc., 11: 13. 1888. 
Knowlton, U. S. Geol. Survey Bull. 204: 58. 1902. 


Magnolia Inglefieldi was described by Heer in 1868 from a large num- 
ber of fragmentary specimens collected by Capt. Inglefield at Atanekerd- 
luk in West Greenland. Additional specimens, including the cones, were 
figured in 1871 from collections made by Whymper. Additional speci- 
mens were figured in 1883 and altogether the species was recorded from 
five localities: Atanekerdluk, Ujararsusuk, Kudliset, Naujat and Asakak. 
These leaves show a considerable amount of variation and it is by no 
means certain that they all belong to a single species. 

The one incomplete specimen and its counterpart from Grand Coulee 
is more like this species than any other that has been described, and is 
especially close to the specimen from Naujat, West Greenland, figured by 
Heer on plate 85 of the 7th volume of his Flora Fossilis Arctica. 

Knowlton quotes Lesquereux for its identification in the Mascall beds 
of the John Day Basin in Oregon, but it is not contained in any of the 
collections except the early one made by Capt. Bendire and this material 
has never been figured so that it is impossible to say whether it is like the 
present specimens or some of Heer’s smaller leaves. It is not unlike the 
modern Magnolia acuminata Linné, a mountain slope and stream bank 
type from western N.Y., southern Ontario, and southern Illinois to Ken- 
tucky, Tennessee, Alabama, Arkansas, and Mississippi. Most abundant 
and largest in mountain valleys of Tennessee and the Carolinas. 
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In shape and size and areolation it is very close to Magnolia obovata 
Thunberg (M. hypoleuca Sieb. & Zucc.) of Japan which, however, usually 
has the secondaries somewhat more closely spaced. This species occurs in 
the Pleistocene of Shiobara, Prov. Shimotsuke, Japan (Endo). 

It is quite possible that what Knowlton‘ called Magnolia culveri from 
the supposed Miocene of Yellowstone Park should be referred to this 
species. 

Liquidambar californicum Lesquereux, emended 
Figure 3 
Liquidambar californicum Lesquereux, Harvard Coll. Mus. Comp. Zoology 
Mem. vol. 67: 14. pl. 6. f. 7c; pl. 7. f. 3, 6. 1878. 
Chaney, Walker Mus. Contr., 2°: 174. 1920. 
Berry, U. S. Geol. Survey Prof. Paper 154: 250. 1929. 
Liquidambar europaeum Lesquereux, U. S. Geol. Survey Terr. Rept., vol. 8 
(Cretaceous and Tertiary floras) 159. pl. 32. f. 1. 1883. 
Liquidambar pachyphyllum Knowlton, U. S. Geol. Survey Bull. 204: 63. pl. 9. 
f. 1.1902; U.S. Geol. Survey Prof. Paper 140: 42. pl. 22. f.7; pl. 29. f. 1. 
1926. 
Chaney, Walker Mus. Contr. 25: 174. pl. 15. f. 2, 3. 1920. 


A few years ago I suggested that there was but a single Miocene 
species of Liguidambar in the western United States. This was based upon 
the well known variation of the leaves of the modern species in size, 
relative proportions and degree of lobation. It may indeed be doubted if 
the Miocene species can be distinguished from the existing species by its 
foliar characters. 

In my original account’ of the flora from Grand Coulee this species was 
not specifically recorded since the only traces of Liguidambar found were 
the fruits, which were found in both the brownish clays and in the diato- 
maceous boulders. These were not merged with the leaf species although 
it seemed obvious that both leaves and fruits belonged to a single botanical 
species. I also commented on the abundance of fruits at Grand Coulee 
and the absence of leaves. This deficiency has now been remedied since 
in the Beck collection from the brownish clays there is a medium sized 
three-lobed leaf and a small, incipiently five-lobed leaf. Since Liguidam- 
bar leaves are easily macerated it seems certain that the parent tree was 
not far removed from the place of fossilization and that the abundant 
fruits need not have been brought into the basin of deposition from any 
distance. 

The smaller of the two leaves is figured in the present paper. 

* Knowlton, F. H., U. S. Geol. Survey Mon. 32: 720. pl. 92. f. 5. 1899. 

5 Berry, E. W., U.S. Geol. Survey Prof. Paper 170 C, 1931. 
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Cornus Becki Berry n. sp. 
Figure 7 

Leaves of relatively large size, ovate in outline, slightly inequilateral, with 
the end of the midvein slightly recurved and the tip of the lamina slightly 
conduplicate. Margin entire. Length about 15 centimeters. Maximum width 
about 8 centimeters. Petiole not preserved. Midvein relatively narrow but 
prominent, usually faintly sigmoidally curved. Secondaries thin, prominent, 
9 to 12 pairs; they diverge from the midvein at acute angles, are unequally 
spaced but subparallel, ascending in sweeping curves, terminating in campto- 
drome arches so close to the margins as to usually be indistinguishable. Terti- 
aries thin, mostly percurrent. Areolation indistinct. Named for the collector, 
George F. Beck. 

There are a number of genera with leaves similar to these. The general 
shape and secondary pattern is not unlike Diospyros which is represented 
by splendid large fruits at Grand Coulee, but the tertiary venation is not 
that of Diospyros. Leaves similar to these are also often referred to Ficus, 
especially if they occur in the earlier Tertiary, and there is considerable 
resemblance to what Lesquereux called Magnolia californica,’ but again 
there are obvious differences in ascent and endings of secondaries and the 
character of the tertiaries. 

Leaves of this sort from the older Tertiary are frequently referred to 
Rhamnus or Rhamnites, but I know of no Miocene or Recent species that 
are especially similar. 

The totality of observed features are distinctly those of Cornus and 
the leaves of the existing western Cornus Nuttallii Audubon are not espe- 
cially different except that they are usually considerably smaller. Our 
eastern arborescent dogwood, Cornus florida Linné although normally 
with smaller leaves does occasionally produce leaves as large as the fossil 
and these are scarcely distinguishable from it. 

The geological history of Cornus goes back to the Upper Cretaceous. 
There are four species known from the western Miocene, two from Cali- 
fornia, one from Yellowstone Park and the fourth from the Latah forma- 
tion at Spokane. The last, Cornus acuminata Berry is conspicuously dif- 
ferent from Cornus Becki, being a narrow acuminate leaf like those of the 
living Cornus canadensis Linné. 


Diospyros Andersonae Knowlton 
Figures, 4, 5 
Diospyros Andersonae Knowlton, U. S. Geol. Survey Prof. Paper 140: 46. pl. 
27. f. 6. 1926. 


® Lesquereux, L., Mus. Comp. Zool. Mem. 6: 25. pl. 6. f. 6, 7. 1878. 








98 BULLETIN OF THE TORREY CLUB [VOL. 65 


This fine calyx was described by Knowlton from a specimen found in 
the Latah formation exposed in a cut on the Spokane, Portland and Seat- 
tle Railway in Spokane. It was naturally compared with the calyx of the 
living persimmon of southeastern North America—Diospyros virginiana 
Linné from which it differed in merely minor details. It was evidently not 
often fossilized in the Latah sediments as I have not seen it in the large 
amount of material that I have studied from the Spokane region, but this 
can not be taken to indicate that the parent tree was rare, since the Latah 
contains large numbers of leaves of a Diospyros which I have called Dio- 
spyros princetoniana Cockerell’ and which presumably represents the same 
botanical species as the calyx. 

In the diatomaceous clay from Grand Coulee there is a very fine speci- 
men of a persimmon calyx, which can hardly represent other than this 
same species. It is slightly larger than the type but is identical with it in 
general features, texture, etc., differing from it in having five instead of 
the normal four calyx-lobes. The number of these lobes can not be con- 
sidered a specific character since five occur occasionally in both our exist- 
ing American and in Asiatic forms. 

Although the present fossil is very similar to the calyx of Diospyros 
virginiana this similarity does not impress me as strongly as it did Knowl- 
ton and in particular the shape and venation of the lobes is more similar 
to the Asiatic cultivated form. 

Of the greatest interest is the occurrence of an unmistakable seed of 
Diospyros about one-quarter of an inch away from the calyx and at a 
level about one-eighth of an inch removed from it. This seed is almost 
exactly the size, shape and has the papillated surface of the seeds of Dios- 
pyros virginiana and probably came from the same fruit that furnished 
the calyx. Under the circumstances it seems to me that it would be absurd 
not to consider the seed as belonging to the same species. 


7 Berry, E. W., U. S. Geol. Survey Prof. Paper 154: 263. pl. 59. f. 6; pl. 60. f. 1-3. 
1929. 
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Studies in the Ericales ITI. 
The genus Leiophyllum 
W. H. Camp 


During the identification of certain specimens of Leiophyllum' col- 
lected by the writer in New Jersey in 1933 and the southern Appalachians 
in 1936, a critical review of this eastern North American genus seemed 
advisable. It was soon apparent in the study of the three species (L. buxi- 
folium, L. Lyoni, and L. Hugeri) which are sometimes recognized as those 
of which the genus is composed, that certain of the specific distinctions 
which had been emphasized in the past were of little phylogenetic signifi- 
cance and of still less taxonomic convenience. 

The distribution of the genus is interesting, for it ranges from certain 
of the higher summits of the Smokies and the Blue Ridge in Tennessee 
and North Carolina, across the states of North and South Carolina (sev- 
eral disjunct stations) to the coast, where it is known from the region near 
Cape Fear. From here there is a jump of nearly 450 miles to the next 
nearest station in the pine-barrens of New Jersey where it is fairly com- 
mon, and in local areas even abundant. 

Much has been written concerning the distribution of genera and spe- 
cies limited to the southern Appalachians and the coastal plain in the 
region of the New Jersey pine-barrens. It, therefore, will be unnecessary 
to review the literature at this time. Since the genus under consideration 
—as its eight to twelve sister genera in the Phyllodoceae of the Ericaceae 
—is obviously a remnant of the Late Mesozoic and Early Tertiary dis- 
persal of the heath family, it will be essential only to outline the probable 
distribution of the genus Leiophyllum in the Tertiary. 

It is becoming increasingly doubtful in the mind of the writer whether 
many of the genera or species endemic on the peaks of the southern Ap- 
palachians really originated there. It is more likely that their evolution 
took place either in the earlier highlands slightly to the southeast, or in 
other regions, and that their occurrence on the backbone of the present 
mountain system is to be explained on the basis of relic colonies of a once 
more widely dispersed group. It is a truism that endemism is common on 


1 Leiophyllum (Pers.) Hedw. fil. Gen. 313. 1806, is to be preferred over Dendrium 
Desv. Jour. de Bot. II. 1: 36. 1813. It is not preoccupied by Leiophyllum Ehrh. 1789, 
which is without description and invalid and admitted by Ehrhart himself to be with- 
out standing as a generic name. Points in the bibliography of this genus have been dis- 
cussed by Barnhart (Rhodora, 22: 180-182. 1920) and Fernald (Rhodora, 29: 225-227. 
1927). Dr. Barnhart and the present writer, on the basis of copies of the “Journal” in 
our own library, are unable to agree with Professor Fernald on his citation for Den- 
drium, maintaining that the one given above is the more correct. In any event, we all 
agree that Leiophyllum is the correct name. 
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many mountain systems, but this fact does not necessarily lead to the 
conclusion that “mountains make species.” It is the contention of the 
writer that mountains capture aggressive genetic biotypes and because 
of their isolation and variations in altitude and habitat, tend to conserve 
these biotypes during subsequent climatic and floristic disturbances. A 
relatively small change in elevation or climate is sufficient to change the 
whole floristic aspect of a piedmont or lowland region and eliminate many 
of the species represented in it, whereas the same variation might require 
the plants on a favorably situated and contiguous mountain area to mi- 
grate only a few hundred feet in altitude to come to rest in habitats suit- 
able for their preservation. 

It seems, therefore, to the writer that, in the Early Tertiary, the genus 
Leiophyllum was more widely distributed than at present on what is now 
the piedmont of the southern Appalachians and that this region was the 
home of the basic species. During the climatic changes and orogeny of 
the Tertiary, two easy avenues of migration were open. One was into the 
mountain systems to the northwest undergoing a cycle of secondary ele- 
vations; the other was to the coastal plain. Both of these migrations evi- 
dently took place. 

The basic species of Leiophyllum apparently was a plant sometimes in 
excess of a meter in height with mostly alternate, longish leaves inclined 
to be apically obtuse to acute, or at least apiculate, and bearing stalked 
glands on its flower and fruit pedicels. The biotype which originated in, 
or possibly near, and later migrated onto the present higher mountains, 
differed in being somewhat more spreading, and particularly in having its 
leaves mostly opposite, more oval, or sometimes suborbicular, apically 
rounded and rarely apiculate. The early range of this mountain form prob- 
ably was reduced by the climatic changes of the Late Pliocene and the 
Pleistocene. 

When the basic species migrated to the then periodically broader 
coastal plain, its biotypes found there an environment which was remark- 
ably uniform for a stretch of almost 700 miles from the Carolinas to the 
deep Tertiary valley of the Hudson River. This rather wide and probably 
common distribution of the plant in question was destined to be compara- 
tively short-lived, for the series of submergences of the coastal plain during 
the Middle and Late Tertiary apparently eliminated the plant between 
Cape Fear and Cape May. During one of these later submergences (the 
Pensauken?) the present pine-barren region of New Jersey, for a time, was 
probably isolated from the mainland. It was the incomplete submergence 
of this area, together with its peculiar soil conditions, which permitted so 
many of the southeastern coastal plain species and those of peculiar habits 
which had wandered there from the piedmont and mountains, to find 
refuge from a too severe competition and thus escape elimination. 
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The type of the genus [Leiophyllum buxifolium (Berg.) Ell.] undoubt- 
edly was collected in New Jersey and for a long time the material from 
this region has been supposed to be easily differentiated from the moun- 
tain forms by the absence of glandular hairs on its flower and fruit pedicels 
and in part on leaf arrangement. (It is the opinion of the writer that other 
of the flower and fruit characters often used are of too fluctuating a char- 
acter to be reliable.) However, a careful examination of material from the 
New Jersey localities revealed, in certain areas at least, that the pedicels 
of a considerable number of the plants bore gland-hairs. At the same time 
it was noted that the bracts, and particularly the pedicels of the eglandular 
material were somewhat more glaucescent than the same parts of those 
plants whose pedicels were glandular. These plants with gland-bearing 
pedicels were obviously very closely related to the material found east- 
wards from the mountains and on the coast of North Carolina, all of which 
undoubtedly represent remnants of the once more widely dispersed basic 
species. 

It is thought that the eglandular material from New Jersey represents 
a mutant form which was abundant on the relatively small island off the 
coast during the Pensauken (?) submergence; a form so common in that 
peculiar area that even to the present it constitutes a large proportion 
of the specimens seen. A recently studied collection from Springville (near 
Darlington), South Carolina (P. H. Rogers, April 10, 1912), contained a 
little material approaching the eglandular form found in New Jersey. It 
is therefore possible that both forms might have been present throughout 
the entire coastal plain range of the genus. At least, they should not be 
thought of as being distinct species. 

The problem of matching names and specimens is not an easy one. 
The abundant material from New Jersey, the pedicels of which are eglan- 
dular, is consonant without ideas of Leiophyllum buxifolium var. typicum 
C. K. Schneider. The opposite-leaved material from the mountain summits 
is harder to place. The oldest name which is available is Leiophyllum 
Lyoni Sweet. The original description, however, consists of a single word: 
“spreading”. In the absence of a type specimen, this inadequate descrip- 
tion gives us considerable latitude and it has been the custom of some of 
the more recent writers to assign this name only to the occasional pros- 
trate forms found on certain of the mountain summits. A study of these 
forms indicates that they are not separable from the rest of the high- 
mountain material and are probably the result of environment. L. Lyont, 
therefore, should be used for the more common mountain plant. 

During the course of this investigation it was found that most of the 
collections assigned to Dendrium Hugeri Small, 1901 (L. Hugeri Schneider, 
1903. L. buxifolium var. Hugeri Schneider, 1911.) were not conspecific 
with the type specimen, but belonged to the group of plants defined by the 
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present writer as L. Lyoni. The reduction of Hugeri to a variety was, for 
Schneider, a blind, but fortunate decision. If one may judge by the speci- 
mens seen from foreign gardens, his further statement that Hugeri is the 
common form in cultivation in Europe, clearly indicates that he was cer- 
tainly less aware of its correct relationships than the original author of 
the species and surely ignorant of the type specimen and the material 
from the piedmont. 

The type of Hugeri is unfortunate for, although it belongs with the 
material forming the basic species, it is an extreme specimen and may in 
part be contaminated with the heredity of Lyoni. While it must remain as 
the “‘nomenclatorial type’’ it is not to be regarded as biologically typical. 
It is thought best, however, rather than inject a new name into our taxo- 
nomic literature (since this particular specimen could be included as an 
extreme) to retain Hugeri as the name for the fundamental biotype of 
the genus. Unfortunately, because of present rules, the basic entity must 
take subordinate nomenclatorial rank for I am unable to discern more 
than a varietal difference between buxifolium and Hugeri. Because of its 
differences in phyllotaxy? and leaf form from L. buxifolium vars. typicum 
and Hugeri, the writer maintains L. L yoni as a distinct species. 

It is to be admitted that, during the course of this study, various minor 
biotypes based on pedicellary puberulence, leaf form and flower structure 
were observed, some of them with remarkably stable characters which 
obviously were the result of local endemism. I feel, however, that the addi- 
tion of a whole series of new subspecific names to our North American 
ericaceous literature is at present neither necessary nor advisable. The 
picture of the genus presented here seems, in my opinion, to be taxonomi- 
cally sufficient to take care of the known material and in addition gives a 
working hypothesis of the origin and migrations of the various recognized 
entities in the genus. 

The following key and list of localities, with specimens cited fully only 
in the case of var. Hugeri, summarizes the writer’s present knowledge of 
the genus. 

KEY TO THE GENUS LEIOPHYLLUM 
Leaves mostly alternate, longish and apiculate. 
Pedicels eglandular 


etek ..... LL. buxifolium var. typicum. 


ee A On ae ee L. buxifolium var. Hugeri. 
Leaves mostly opposite, elongate-oval to orbicular and apically rounded, rarely apiculate. ..... 
Pama ee ai ces tnd aeeaeec = nude blab > are bende mowed Cee ease wee L. Lyoni. 


? In the Ericaceae, the occurrence of opposite leaves is a departure from the normal 
and points to evolutionary specialization. This particular character is not a completely 
fixed habit in L. Lyoni and in rapidly growing stems the phyllotaxy may occasionally 
revert to alternate, indicating its close relationship with and derivation from var. 
Hugeri. Conversely, dwarfed and stunted branches of buxifolium vars., may sometimes 
bear nearly opposite leaves. 
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LEIOPHYLLUM BUXIFOLIUM var. TyPIcuM C. K. Schneider. 

New Jersey. ATLANTIC: Hammonton; Landisville. BURLINGTON: 
Atsion; Batsto; Chatsworth; Marlton; New Lisbon; Quaker Bridge; 
Woodmansie. CAMDEN: Waterford. MonmMoutTH: Freehold. OcEAN: Forked 
River; Lakehurst; Manchester; Toms River; Waretown; Whitesville; be- 
tween Warren Grove and Symmes Place. 


LEIOPHYLLUM BUXIFOLIUM var. HuGERI (Small) C. K. Schneider. 

SouTH CAROLINA. DARLINGTON: Springville (near Darlington) along 
sandy banks and sand hills of Black Creek, P. H. Rogers Apr. 10, 1912 
(in part tending toward var. typicum); Darlington, T. G. Harbison 18 
Dec. 18, 1918; ibid. T. G. Harbison 33 Nov. 22, 1919. Pickens: Table 
Mt., J. K. Small Aug. 1896 (Type); ibid. Buckley (Ex. Herb. Geo. Thur- 
ber). This specimen lying in the Gray Herbarium agrees almost exactly 
with the type. 

NorTH CAROLINA. AVERY: Cafion of Linville River, John McRae 
Sept. 1896. (Mitchell Co. on label). BRuUNswick: Wilmington to South- 
port, W. C. Coker Apr. 6, 1918; 12 mi. from Southport, W. C. Coker and 
party May 15, 1926; north of Southport, Z. B. Bartram Jan. 28, 1922; 
Orton Plantation, 15 mi. n.e. of Southport, A. C. Matthews Apr. 9, 1935; 
4 mi. e. of Bolivia, J. M. Fogg, Jr. 5492 Apr. 16, 1933; without locality, 
M. A. Curtis. BURKE: Wiseman’s View, Linville Mts. Alexander, Everett 
and Pearson Oct. 10, 1933; Ervin’s View, Linville Falls, Anne R. Clement 
June 17, 1934; ibid. ‘‘Irwin’s View,” above Linville Falls, W. C. Coker 
Sept. 10, 1927. CALDWELL: Hibriten Mt., near Lenoir, A. M. Huger Sept. 
1896. CUMBERLAND: Cultivated at Red Springs but taken from plants 
said to be “plentiful’’ near Fayetteville, Mary Vardelle Apr. 1923. NEw 
HANOVER: “‘Cape Fear” near Wilmington, E. J. Palmer 39825 Apr. 12, 
1923. Stokes: Piedmont Springs, L. Barksdale Apr. 29, 1934; Cascade Falls 
near Piedmont Springs, H. R. Totten May 12, 1929. 

NEw Jersey. ATLANTIC: Egg Harbor, J. B. Brinton May 18, 1890. 
BuRLINGTON: Chatsworth, E. H. Eames June 14, 1894; ibid. J. T. P. 
Byhouwer and C. E. Kobuski 80 May 25, 1928; Pemberton, L. H. Lighthipe 
May 27, 1884. CAMDEN: near Albion, U. B. Meredith June 7, 1924; Sum- 
ner, A. Haines 311 June 2, 1906; without locality, C. F. Parker June 2, 
1867. OcEAN: without locality, P. Birdsall May 15, 1891; Forked River, 
J. R. Churchill May 27, 1891 (in part); Manchester, V. L. Britton Aug. 
28, 1879; ibid. J. W. Chickering, Jr. July 19, 1873; ibid. (without collector) 
“Ex Herb. Torr.’’ May 16, 1870; Toms River, P. Wilson July 3-5, 1916; 
ibid. J. J. Northrop May 30, 1887; ibid. A. B. Clute May 27, 1888; ibid. 
W. W. Eggleston May 30, 1907. 
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LEIOPHYLLUM LYONI Sweet. 

TENNESSEE: SEVIER: Great Smoky Mts. Nat’l. Park, Mt. Leconte; 
The Chimneys. 

TENNESSEE and NortH CAROLINA. Line between CARTER Co., TENN. 
and MircHett Co., N. C.; Roan Mt. 

NortH CAROLINA. AVERY: Northeast of Linville; Banners Elk. Line 
between AVERY and WATAUGA: Grandfather Mt. BuRKE: Table Rock Mt. 
Line between HAywoop and TRANSYLVANIA: Devil’s Court House. JAck- 
SON: Whitesides Mt.; Sapphire. MAcon: near Highlands; ibid. top of 
Satulah Mt.; ibid. Sunset Rocks; Mt. Whiteside; “Crest of the Blue 
Ridge.”” McDow.ELt: Shortoff Mt., near Marion. 

During the course of this study the writer examined all available speci- 
meris of the genus in the Herbarium of the University of North Carolina, 
Herbarium of the Arnold Arboretum, Gray Herbarium, U. S. National 
Herbarium and the Herbarium of the New York Botanical Garden. 
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Studies in Onagraceae XI. A revision of the genus Gaura 


Puitre A. Munz 
(WITH EIGHTEEN FIGURES) 


During the past several years I have had opportunity to visit much of 
the area in which Gaura is distributed and to work in many of the her- 
baria in which types are deposited. Among these herbaria are those at 
British Museum (BM), Bossier Herbarium (Boiss), Delessert Herbarium 
(Del), Edinburg (Edin), Kew(K), and Paris (P). In addition to types 
above mentioned, I have had for study the material at Gray Herbarium 
(G), Herbarium of New York Botanical Garden (NY), Pomona College 
(P), and at the United States National Herbarium (US). To all those in 
charge of the above institutions I gladly express my gratitude. I wish 
particularly to acknowledge my indebtedness to Mr. V. L. Cory of Sonora, 
Texas, whose abundant collections of Onagraceae in that state have been 
most helpful to me. 

In this paper I am using the word Gaura in the same sense as that of 
Bentham and Hooker, Rothrock, and Engler & Prantl, namely excluding 
Stenosiphon, Heterogaura, and Gonglyocarpus. For the sake of space, I 
shall not here present any opinions on phylogeny and relationship, which 
are being reserved for a future paper on the whole family. 


GAURA L. 


Gaura, L., Nov. pl. Gen., 47, 1751; Amoen. Acad. 3: 26. 1756. Endlicher» 
Genera Pl., no. 6131, 1836-’40. DeCandolle, Prodromus 3: 44. 1828. Roth- 
rock, J. T., Proc. Amer. Acad. 6: 349. 1864. Benth. & Hooker, Genera Pl. 1: 
792. 1867. Raimann in Engler & Prantl, Die Nat. Pflanzenfam. III, 7: 218. 
1898. 

Gauridium Spach, Hist. Vég. Phan. 4: 379. 1835. 

Schizorcarya Spach, Ann. Sci. Nat. Sér. II, 4: 170, 283. 1835. 

Flowers white to pink (yellow in one species), in spicate to subcapitate 
racemes, more or less symmetrical, usually irregular, 4-merous, sometimes 
3-merous. Hypanthium obconic or cylindrical. Stamens twice as many as the 
petals, declined, all fertile, each usually with a scale at the base of the fila- 
ment. Stigma more or less deeply 4- (3-) lobed, and provided at the base with 
a cuplike indusium. Ovary 4- (3-) locular, or partition obsolete; ovules solitary 
or rarely 2 in the locules. Style filiform, deflexed. Fruit woody, small, 4- (3-) 
sided, indehiscent, sometimes 4- (3-) cleft apically, 4- (3-) seeded or 1-seeded 
by abortion. Annual or perennial herbs, rarely suffruticose. 

Type species,—G. biennis. L. 


KEY TO SPECIES 


A. Capsule sessile or nearly so, not narrowed into a pedicel-like base, except sometimes in brachy- 
carpa and gracilis. 
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B. Petals yellow, aging red, subequal, rhombic, 14-15 mm. long; hypathium 25-35 mm. long; 
sepals 15-18 mm. long. Mexico. 1. G. mutabilis2 
BB. Petals white to pink or red, in 2 pairs (1 more or less erect, the other spreading to the side); 
hypanthium 1-12 mm. long; sepals 1.5—-15 mm. long. 
C. Flowers small; petals 1.5-2 mm. long; sepals 1.5—3 mm. long; anthers oval, 1 mm. long. 
2. G. parviflora. 
CC. Flowers larger; petals 3-20 mm. long; sepals 4-15 mm. long; anthers oblong to linear, 
2-5 mm. long (1 mm. in angustifolia). 
D. Fruit with rounded or obtuse angles, pubescent, more or less fusiform. 
E. Hypanthium 5-7 mm. long; fruit 4-7 mm. long. E. Texas & Okla. to Ia. & Atlantic 
coast. 3. G. biennis. 
EE. Hypanthium 8-12 mm. long; fruit 7-15 mm. long. 
F. Sepals 9-11 mm. long; petals 8-10 mm. long; filaments 8-10 mm. long. New Mex. 
& Colo. 4. G. neomexicana, 
FF. Sepals 6-7 mm. long; petals 5 mm. long; filaments 3-4 mm. long. W. Texas. 
5. G. macrocarpa. 
DD. Fruit sharply angled. 
E. Sepals 12-15 mm. long; petals 12-20 mm. long; filaments 10-15 mm. long. S. E. 
Texas and adjacent La. & Mex. 6. G. Lindheimeri. 
EE. Sepals 4-10 (12) mm. long; petals 4-10 mm. long; filaments 3-7 mm. long. 
F. Fruit 3-angled; flowers 3-merous. 
G. Plant usually simple below, 6-18 dm. tall; petals 4-6 mm. long; fruit elliptic to 
ovoid, the faces not transversely wrinkled. Car. to Fla. & Ala. 
7. G. angustifolia. 
GG. Plant usually branched from base, 2-6 dm. tall; petals 3-4 mm. long; fruit 
pyramidal, the faces transversely wrinkled. Okla. to Mex. 12. G. tripetala. 
FF. Fruit 4-angled; flowers 4-merous. 
G. Sepals 4-7 mm. long (sometimes 8 in brachycarpa.) 
H. Fruit pyramidal, tapering from base upward; anthers 2 mm. long. Texas to 
Mex. and Ariz. 
I. Sepals 4-5 mm. long; cauline leaves 1-3 mm. wide; wings of fruit not auri- 


cled at base. 10. G. gracilis. 

II. Sepals 6-7 (8) mm. long; cauline leaves 5-12 mm. wide; wings of fruit 
auricled at base. 11. G. brachycarpa. 

HH. Fruit ovoid to elliptic, somewhat narrowed at both ends; anthers 1 mm. 
long. Car. to Fla. and Ala. 7. G. angustifolia. 


GG. Sepals 8-10 (12) mm. long. 
H. Inflorescence canescent-strigulose to villous; anthers 2.5-3 (4) mm. long. 
8. G. filiformis. 
HH. Inflorescence glabrous; anthers 4-5 mm. long. 9. G. suffulta. 


AA. Capsule narrowed into a distinct thick or slender stipe-like base. 
B. Stipe-like base of capsule very slender (almost filiform), the capsule-body being abruptly 
narrowed at base. 
C. Plant soft-villous with long hairs; stipe-like base of fruit 3-6 mm. long; petals 8 mm. long. 
Kansas to Texas & New Mex. 13. G. villosa 
CC. Plant pubescent to glabrous; stipe-like base 1-3 mm. long; petals 4-6 mm. long. East 
of Mississippi River. 
D. Capsule obovoid-clavate, the stipe-like base mostly 1.5-3 mm. long. 14. G. filipes. 


! For the species G. mutabilis I accept the section Gauridium (Spach) Endlicher, 
Gen. Pl. no. 6131, The other species I would include in the section Eugaura n. nom. 
with white to pink, somewhat irregular flowers. 
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DD. Capsule elliptic to narrowly ovoid, the stipe-like base 0.5—-1 mm. long. 
7. G. angustifolia. 
BB. Stipe-like base of capsule stout, the capsule-body being more gradually narrowed at the 


base. 
C. Hypanthium and sepals with minute gland-tipped hairs; stipe-like base of fruit 1-1.5 
mm. long; face of fruit transversely wrinkled. W. Texas to Ariz. 15. G. Nealleyi. 


CC. Hypanthium and sepals not glandular; stipe-like base of fruit 2-5 mm. long; face of 
fruit not transversely wrinkled. 
D. Hypanthium 2.5—4 mm. long; filaments 8-10 mm. long; fruit 5-9 mm. long, 1—-1.5 mm. 
wide. Okla.-Mex. 16. G. sinuata, 
DD. Hypanthium 5-12 mm. long; filaments 3-6 mm. long. 
E. Fruit 1.5—-2 mm. wide, 10-15 mm. long, narrowly fusiform, sometimes curved, ribbed 
but not angled. Western Texas and adjacent Mex. 5. G. macrocar pa. 
EE. Fruit mostly 2-3 mm. wide, the ovoid body 4-angled and rather rapidly narrowed 
basally into a terete obconic stipe. 
F. Sepals 10-13 mm. long; petals 7-8 mm. long; floral bracts lance-ovate, caducous. 


Texas to southern Mex. 17. G. odorata. 
FF. Sepals 5-9 mm. long; petals 3-6 mm. long; floral bract lanceolate to linear, 
mostly persistent. Alberta to central Mex. 18. G. coccinea. 


TREATMENT OF SPECIES 
1. GAURA MUTABILIS Cav., Icon. 3: 30, pl. 258. 1795. 


Gauridium mutabile Spach, Hist. Vég. Phan. 4: 380. 1935; Nouv. Ann. 
Mus. Paris (III) 4: 374. 1835. Oenothera anomala Curtis, Bot. Mag., pl. 388, 
1797. Gaura mollis HBK., Nov. Gen. et Sp. 6: 93, pl. 529. 1823. Gauridium 
molle Spach, Hist., 1. c. G. Kunthii Spach, Nouv. Ann., 1. c. 375. Gaura oeno- 
therifolia Zucc., in Roemer, Collect., 140, 1809. G. canescens Hort., ex Ser. in 
DC., Prodr. 3: 45. 1828. Oenothera Héribaudi Léveillé, Fedde Repert. Nov. Sp. 
8: 280. 1910. 

Perennial herb from heavy rather woody caudex, bushy, much branched 
throughout, 3-6 dm. high, short- and soft-villous throughout; leaves well dis- 
tributed in lower half or two-thirds of plant, the basal ones oblanceolate to 
spatulate in outline, 4-8 cm. long, 8-20 mm. wide, sinuate-dentate especially 
on the winged petiole; cauline leaves lanceolate to ovate, acute, sinuate- 
denticulate, almost or quite sessile, gradually reduced up the stem, mostly 
2-4 cm. long and 5-20 mm. wide; inflorescence with deciduous lance-ovate 
bracts 3-4 mm. long, not peduncled, elongating in fruit to 1-2 dm., spicate; 
buds erect; flowers opening in evening; hypanthium slender, pubescent without 
25-35 mm. long, often somewhat reddish, short-retrorse-pubescent within; 
sepals with some red, pubescent, 15-18 mm. long, lanceolate, more or less 
adherent in anthesis, without free tips; petals rhomboid, yellow in anthesis, 
orange-red in age, quite equal, 14-15 mm. long; stamens yellowish, slightly 
unequal, equalling or exceeding petals, the filaments slightly flattened, gla- 
brous, with no evident basal scale; anthers linear, 4-5 mm. long; style exserted 
well beyond stamens, 4-6 cm. long from summit of ovary, retrorse-pubescent 
at very base; stigma-lobes linear, 2-3 mm. long; capsules fusiform, sometimes 
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curved, 4-nerved and obtusely 4-angled, usually pubescent, 7-14 mm. long, 
2-4 mm. thick, 1-few-seeded; seeds flattened, brown, overlapping smooth. 


Type locality, “Habitat in Nova-Hispania.” Well distributed in 
Mexico. Representative material: without locality, Jardin du Luxem- 
bourg, in 1822, “‘graines envoyées por Lagasca”’ (K photo at P); “G. mu- 
tabilis m. Lagasca, 1806,’ Prodromus Herb. (Del); “‘G. oenotheriflora 
Zucc. m. Balbis, 1808,’’ Prodromus Herb. (Del); G. mollis, Herb. Hum- 
boldt & Bonpland (Paris). CHIHUAHUA: Chihuahua, Pringle 1125 (G, 
US); between Cusihuiriachic & Guerrero, Pringle 1244 in part (NY). 
DURANGO: Otinapa, Palmer 460 (G, US); El Salto, Nelson 4570 (P, US). 
GUANAJUATO: Guanajuato, Dugés 6 (G), 303 (G). DISTRITO FED- 
ERAL: Pedrigal, Pringle 6661 (G, NY, US); Santa Fé, Rose & Painter 
6504 (G, NY, US), Borgeau 296 (G, US). HIDALGO: Marquez, Pringle 
7635 (P, photo US). PUEBLA: San Luis Tultitlanapa, Purpus 3388 (G, 
NY, US); Bord del l’Alsesécon, Nicolas in 1909, Oe. Héribaudi (Del, US, 
photo at P), in 1910 (Edin, US). OAXACA: without locality, Andrieux 
(G, Del). 

The specimens cited above are pubescent in the inflorescence, while 
the following are characterized by a glabrous inflorescence and may be 
designated as forma glabra n. nom. (synonym, G. grandiflora Rose, Con- 
trib. U.S. Nat. Herb. 12: 293. 1909): CHIHUAHUA: between Cusihuiria- 
chic & Guerrero, Pringle 1244 in part (G, NY, US). DURANGO: Du- 
rango, Palmer 270 (G, US) and (NY in part); Papasquiaro, Nelson 4671, 
type grandiflora (US). The lack of pubescence is not definitely enough cor- 
related either with distribution or any morphological characters to war- 
rant more than such rank. 

There might be some argument for recognizing the genus Gauridium, 
since this species is the only yellow-flowered one and the base of the 
filaments lacks a scale. But such scale is not found in Guara parviflora and 
color alone with perhaps a more regular flower hardly seems to warrant 
generic rank. 


2. GAURA PARVIFLORA Dougl., ex. Hooker, Fl. Bor. Am. 1: 208. 1834. 


Apparently a biennial or winter annual, from 2-20 (30) dm. tall, erect, 
rather simple below, simple or more commonly freely and widely branched 
above, soft-villous almost throughout with spreading white hairs, also with 
shorter glandular ones; leaves soft-pubescent, simple, alternate; rosette leaves 
typically broadly oblanceolate, 5-15 cm. long, 1-3 cm. wide. remotely sinuate- 
denticulate, the blade proper gradually narrowed into winged petioles; cauline 
leaves gradually reduced upward, almost or quite sessile, entire or remotely 
sinuate-denticulate, lanceovate to lanceolate, acuminate to acute, 3-10 cm. 
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long, 1-2.5 (3.5) cm. wide; bracts lance-linear, 2-5 mm. long, caducous; 
flowers opening in evening, in terminal slender spikes which usually nod at 
tips and become 1-3 dm. long; hypanthium 1.5-3 mm. long, slender, glabrous 
to short-pubescent without, pubescent within; sepals greenish to reddish, 
1.5-3 mm. long, oblong-lanceolate, reflexed separately in anthesis, glabrous 
to puberulent; petals spatulate, mostly pink or rose, 1.5-2 mm. long, erect, 
slightly clawed; stamens slightly shorter than sepals, basal scale obsolete; fila- 
ments rose, flattened, the episepalous slightly longer than epipetalous; style 
reddish, projecting about as far as sepal-tips, usually pubescent on basal por- 
tion (inside hypanthium); anthers reddish, ca. 1 mm. long, oval versatile; 
stigma with 4 short white lobes scarcely exserted from its reddish lobed cup; 
capsule sessile, 6-10 mm. long ca. 2 mm. thick, somewhat fusiform in outline, 
narrowed at base, 4-nerved, obtusely 4-angled above; seeds 1—2, brown. 
KEY TO VARIETIES 
Ovary and capsule glabrous 


Hypanthium minutely puberulent. ... 2a. G. parviflora var. typica 
Hypanthium glabrous. ... ..2b. forma glabra 
Ovary and capsule short-pubescent 2c. var. lachnocar pa 


2a. G. parviflora Doug]. var. typica n.nom. 


G. parviflora Dougl. ex Hook., Fl. Bor. Am. 1: 208. 1834. Schizocarya 
micrantha Spach, Ann. Sci. Nat. II, 4: 283. 1835. Gaura micrantha D. Dietr., 
Syn. Pl. 2: 1297. 1840. G. mollis Nutt. ex Torr., Ann. Lyc. N. Y. 2: 200. 1828, 
not HBK. in 1823. 

Hypanthium puberulent, 2-3 mm. long; sepals 2-3 mm. long, mostly 
glabrous, sometimes puberulent; ovary and capsule glabrous. 

Type locality, “Sandy banks of the Wallawallah River, North-west 
coast of America.’’ Grows best as a ruderal and is common in waste and 
disturbed places over a large area from eastern Washington to the Mis- 
sissippi Valley and northern Mexico. Sometimes introduced farther east: 
MASS.: Cambridge, Morong in 1886 (NY); INDIANA: Michigan City, 
Mell 111 (US); ILLINOIS: Romeo, Umbach in 1897 (US). Other rep- 
resentative material, Rocky Mts., Nuttall (K, NY). MISSOURI: Joplin, 
Palmer 2591 (G, NY, US). SO. DAK.: Deadwood, Murdoch 4331 (G, NY). 
NEBRASKA: Minden, Hapeman in 1928 (P); St. James, Clements 2632 
(G, NY). KANSAS: Manhattan, Norton in 1892 (NY); Osborn City, 
Shear 145 (G, P, US). OKLAHOMA: Bridgeport, Munz 13577 (P); Cal- 
vin, Munz 13574 (P). COLORADO: Denver, Jones 656 (NY, P); Natu- 
rita, Payson 118 (G). WYOMING: Gardiner River, Yellowstone Nat. 
Park, A. & E. Nelson 5986 (G, NY, US); Two Bar Ranch, Blue Grass, 
Nelson 376 (G, NY, US). IDAHO: King Hill, Elmore Co., Nelson & Mac- 
bride 1096 (G, NY, P, US); Falk’s Store, Canyon Co., Macbride 329 (G, 
NY, US). WASHINGTON: low banks of Walla Walla River, Douglas, 
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Herb. Hookerianum (K, photo at P); Wawawai, Whitman Co., Elmer 898 
(NY, P, US). OREGON: Snake River bottom, Union Co., Cusick 939 (G); 
The Dalles, Peck 9916 (P). NEVADA: Battle Mt. Hitchcock 613 (US). 
UTAH: Springdale, Jones 5256 (NY, P, US); Parley’s Canyon, Wasatch 
Mts., Stokes in 1900 (NY, US). ARIZONA: Navaho Reservation, Vorhies 
120 (G, NY); Chiricahua Mts., Blumer 1776 (G, NY, US). NEW MEX- 
ICO: Farmington, San Juan Co., Standley 6924 (US); Albuquerque, Jones 
in 1884 (P). TEXAS: Jeff Davis, Cory 2138 (P). S. Felipe de Austin, 
Drummond 46, type coll. of Schizocarya micrantha (Del, G, NY); Del 
Rio, Jones 25877 (P). CHIHUAHUA: Chihuahua, Palmer 190, in part 
(G, NY, US), SONORA: Cochuto, Hartman 96 (G, NY, US). 
Intergrading freely with both of the following: 


2b. G. parviflora var. typica forma glabra new form. 


Hypanthium glabrous, 2-3 mm. long; sepals glabrous, 2-3 mm. long; ovary 
and capsule glabrous. (Hipantium glabrum, 2-3 mm. longum; sepalis glabris, 
2-3 mm. longis; ovario capsulaque glabris). 


Type, Deer Run, west central Colorado, Baker 94, June 11, 1901, at 
4700 ft., Pomona College Herbarium No. 32745; isotypes at Gray, New 
York, U. S. Ranging more or less widely with var. typica. Representative 
material, MISSOURI: St. Louis, Sherff 405 (G); Joplin, Palmer 2494 
(G). ORLAHOMA: Hollis, Harmon Co., Stevens 1100 (G, NY). TEXAS: 
Weatherford, Tracy 7822 (G, NY, US); San Antonio, Clemens 695 (NY, 
P). LOUISIANA: Mississippi banks, Langlois 96 (NY). NEBRASKA: 
Calahan, Williams in 1889 (US). KANSAS: Wichita, Smyth 236 (US). 
COLO.: Durango, Baker, Earle & Tracy 493 (G, NY, P, US). NEW MEX- 
ICO: Ft. Bayard Watershed, Grant Co., Blumer 72 (G, NY); Kingston, 
Sierra Co., Metcalfe 1241 (G, NY, P. US). ARIZONA: Ramsay Canyon, 
Huachuca Mts., Jones 24941 (P). Some collections show complete inter- 
gradation of this rather trivial form with var. typica, for example Met- 
calfe 159, Mangas Springs, N. M. (G, NY, P, US) and Earle 230 from 
Lincoln, N. M. (NY). 
2c. G. PARVIFLORA Dougl. var LACHNOCARPA Weatherby, Rhodora 27: 14, 

1925. 

G. australis Grisebach, Goett. Abh. 24: 132. 1879. 

Hypanthium 1.5—2.5 mm. long, with short mostly divergent pubescence; 


sepals 1.5-2 mm. long, strigulose or with divergent puberulence; capsule with 
divergent pubescence. 


Type locality, Austin, Texas. With a more southern range than that of 
var. typica, although with some overlapping, it occurs from Missouri and 
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Utah to Mexico, also in Argentine. Representative material, MISSOURI: 
Courtney, Bush 7738 (G, NY). ALABAMA: Montgomery, Harper in 
1924 (G, NY, US), very possibly an introduction. TEXAS: Austin, 
Young 95, type (G), E. Hall 216 (G, NY, P, US); Kerrville, Heller 1768 
(G, NY, US); Belmont, Gonzales Co., Munz 13338 (P). NEW MEXICO: 
Mesilla, Crozier in 1897 (G). ARIZONA: Casa Grande, Loomis 1160 (P); 
Colorado Valley near Ft. Mojave, Cooper in 1860-61 (G, US). UTAH: 
Salt Lake City, Jones 1460 (NY, P, US); St. George, Craig 1398 (P). 
BAJA CALIFORNIA: San José del Cabo, Anthony 330 (G, P, US); To- 
dos Santos, Jones 24137 (P); Muleje, E. Palmer 11, in 1887 (G, US). 
SONORA: Hermosillo, Rose, Standley & Russell 12465 (NY, US); Alamos, 
Rose, Standley & Russell 12961 (NY, US). CHIHUAHUA: Lake Santa 
Maria, Nelson 6406 (US). COAHUILA: Saltillo, E. Palmer 213, in 1898 
(G, NY, US). DURANGO: Durango, E. Palmer 102, in 1896 (G, NY, 
US). SINALOA: Culliacan, Rose, Standley & Russell 14867 (NY, US). 
ARGENTINE: Sierra de Cérdoba, Capilla del Desierta, Barros in 1925 
(G); Sierra Chica, Cérdoba, Lossen 226 (G); Sierra Grande, Cérdoba, 
Burkart 7328 (P); between Mina Argentia u Yerbabuena in foothills of 
Cerro de Oroosu, Cérdoba, Hieronymus in 1876, no. 399, ex Herb. 
Goettingen (P, Ber). 

This variety intergrades freely with var. typica, as is evidenced by 
Clark 314 from Boise, Idaho (US); Eastwood 31 from Denver, Colo. (US); 
Bates from Long Pine, Nebr. (G). In these collections there is some 
pubescence on the fruits, but not enough to be representative of var. 
lachnocar pa. Material from Baja California tends to have smaller flowers 
and a more glabrous style than do other plants, but the tendencies do not 
seem to be definite enough to merit recognition. South American material 
matches very well that from North America, especially the small-flowered 
strain from Baja California. Varietal rank for this pubescent-fruited con- 
cept as opposed to the smooth-fruited sort which I am recognizing only as 
a form, seems justifiable because of the tendency to small flowers and the 
more distinctly southern range. 


3. GAURA BIENNIS L., Sp. Pl., 347. 1753. 


Biennial or winter annual, 3-30 dm. high, from a somewhat fusiform fleshy 
root; stem erect, pubescent to villous, simple below, openly much branched 
above; leaves soft-pubescent to glabrate, well distributed; rosette leaves 
oblanceolate, 1-3 dm. long, 2-4.5 cm. wide, subentire to irregularly sinuate- 
dentate, narrowed into short winged petioles; cauline leaves numerous, 
oblong-lanceolate to lance-ovate, acute or acuminate at both ends, remotely 
denticulate, 3-10 cm. long, 1-2.5 cm. wide, narrowed gradually into very 
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short winged petioles, often with short axillary fascicles; floral bracts 1-4 mm. 
long, deciduous, ovate, acute; flowers open in evening, spicate, the slender 
spikes in open terminal panicles 1-5 dm. long; hypanthium slender, usually 
reddish, 5-7 mm. long, short-pubescent without, with dense curly pubescence 
within; sepals generally red, pubescent, 6-8 mm. long, narrow, reflexed in 
pairs at anthesis, without free tips in bud; petals white, aging pink, clawed, 
spatulate-elliptic, about 5 mm. long, the two upper ascending, the 2 lower 
horizontal; stamens subequal, the filaments flattened, glabrous, 5-7 mm. long, 
with very minute basal ovate, somewhat flattened scale, whitish; anthers 
white to pink, 2.5-3 mm. long, linear; style somewhat longer than stamens, 
reddish, with curly pubescence at very base; stigma-lobes ca. 1 mm. long; 
capsule pubescent, sessile, ovoid-fusiform, 4-angled, broadly 4-ribbed, acute 
at both ends, 4-7 mm. long, 1-few-seeded. 


KEY TO VARIETIES 


Stems villous, as well as short-pubescent; inflorescence with short sbseuaeatie hairs as well as 
non-glandular ones; leaves green, glabrate....... ~ .3a. var. typica. 
Stems short-pubescent only; inflorescence with numerous sheit non- »-glanduler hates only; leaves 
a a ree re Pe ain an win tindie o $a’ sadnsatee 3b. var. Pitcheri 


3a. Gaura biennis L. var. typica n.nom. 
G. biennis LI., Sp. P., 347. 1753; Curtis, Bot. Mag., pl. 389. 1797. 
Stems, spreading-villous as well as short-pubescent; leaves glabrate, at 
least not canescent; hypanthium, buds, etc., with some short spreading gland- 
tipped hairs as well as some non-glandular ones. 


Type locality, ‘‘Habitat in Virginia, Pennsylvania” according to 
Linnaeus. He refers to Plukenet (Alm., pl. 202, f. 7); this figure and the 
plant specimen in the Sloane Herbarium at British Museum from which 
the drawing seems to have been made, are apparently Oenotheraparviflora 
L. In the Linnaean Herbarium are two specimens labeled Gaura biennis; 
both of which fit our concept. 

The variety ranges from southern New England to Virginia and Mis- 
souri and Iowa. Representative material, MASSACHUSETTS: Cam- 
bridge, Morong in 1886 (NY). CONNECTICUT: New Haven, Eaton 

(G, P); Bristol, Bishop in 1897 (G, US). ONTARIO: Ft. Erie, Kolles in 
1925 (NY). NEW YORK: Ithaca, Munz 767 (P), Coville in 1884 (US); 
Watkins, House 20109 (NY, US). NEW JERSEY: Princeton, Peters in 
1885 (NY). DELAWARE: Hollyoak, Commons in 1896 (NY). PENN- 
SYLVANIA: Liverpool, Perry Co., Munz 13408 (P); Northampton 
Churchill in 1923 (G, P). MARYLAND: Kensington, Montgomery Co., 
Munz 13474 (P). WEST VIRGINIA: Mt. Crawford, Rockingham Co., 
Heller & Halbach 1200 (G, NY, US); White Sulphur Springs, Munz 
13492 (P). VIRGINIA: Bedford Co., Curtiss in 1871 (G, NY). NORTH 
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CAROLINA: Cherokee, Swain Co., Munz 13522 (P); Biltmore, Bilimore 
Herbarium No. 458a (G, NY, US). TENNESSEE: La Follette, Campbell 
Co., Munz 13586 (P); Elizabethton, Wiegand & Manning 2162 (G). 
KENTUCKY: Wilmore, Jessamine Co., Anderson 585 (G). OHIO: 
Mansfield, Wilkinson 3425 (G, P); Toledo, Young in 1884 (G, NY). IN- 
DIANA: Near Ft. Wayne, Deam 21688 (NY). ILLINOIS: Peoria, Mc- 
Donald in 1904 (G); Urbana, Pease 13041 (G). IOWA: Vinton, Davis 6 
(US). MISSOURI: Gregory Landing, Clark Co., Drouet 1700 (P); Spring- 
field, Standley 8348 (US). 


3b. G. BIENNIS var. PITCHERI Pickering ex Torr. & Gray, Fl. No. Am. 1: 517. 
1840. 


G. Pitcheri Pickering, 1. c, in synonymy; G. Pitcheri (Pickering) Small, 
Fl. S. E. U. S., 847, 1335. 1903. 

Stems and leaves canescent, strigulose; hypanthium, buds, inflorescence 
strigulose or puberulent, not glandular. 


Type locality, Red River. Ranging from Illinois to Nebraska and 
Texas. Representative material, ILLINOIS: Elk Grove, Cooke Co., 
Buhl F736 (P); St. Clair Co. Eggert in 1877 (G). IOWA: Dubuque, Meriz 
in 1877 (NY); Redfield, Dalles Co., Allen in 1867 (G). NEBRASKA: 
Lincoln, Webber in 1887 (US); Omaha, Cleburne (P). KANSAS: Riley Co., 
Norton 169 (G, NY, US); Lawrence, Snow (US). MISSOURI: St. Louis, 
Drummond in 1832 (NY); Monett, Barry Co., Munz 13556 (P); Van 
Buren, Carter Co., Munz 13589 (P). ARKANSAS: Little Rock, Hasse in 
1885 (NY). OKLAHOMA: Tulsa, Stevens 2992 (G); Pawhuska, Osage 
Co., Stevens 1932 (G, NY, US). TEXAS: Decatur to Alvord, Wise Co., 
Ferris & Duncan 3324 (NY). Without definite locality, Red River Dr. 
Pitcher, type (NY). 

Intergrades freely with var. typica, as evidenced by many specimens, 
for example: Carthage, Jasper Co., Mo., Eggleston 12072 (NY); Grinnell, 
Ia., Jones (P); Carroll, Ia., Pammel 23 (G, NY, US), all of which have 
the stem-pubescence of Pitcheri and bud-pubescence of typica. Examples 
with stem of typica and buds of Pritcheri are: Mira, Ill., Gleason 1980 (G); 
Peoria, McDonald in 1889 (G); and Utica, Ill., Clemens in 1909 (P). 


4, GAURA NEOMEXICANA Wooton, Bull. Torrey Club 25: 307. 1898. 


Biennial or perennial herb, from thick root; stems one to several from the 
base, erect, simple or few-branched above, 5-8 dm. high, greenish or reddish, 
pubescent; basal leaves 8-15 cm. long, the blades oblanceolate, subentire or 
sinuate-denticulate, pubescent, 4-7 cm. long, 1-2 cm. wide, narrowed into al- 
most equally long winged petioles; cauline leaves mostly lanceolate, 5-10 cm, 
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long, 8-16 mm. wide, strigose, acute, subentire to minutely sinuate-denticu- 
late, gradually narrowed into short winged petioles; upper ones reduced, subses- 
sile; floral bracts lanceolate, pubescent, cuminate, 5-8 mm. long, caducous; in- 
florescence spicate, simple or few-branched, 1-4 dm. long in fruit; hypanthium 
slender, 8-12 mm. long pubescent, without, with a white matted curly pubes- 
cence within; sepals more or less red, reflexed separately in anthesis, linear- 
lanceolate, 9-11 mm. long; petals pink, short-clawed, spatulate to narrowly 
obovate, 8-10 mm. long; stamens subequal, filaments slightly enlarged up- 
ward, about as long as petals; with minute thickened basal scale; anthers 
linear, 3-4 mm. long; style somewhat longer than stamens, pubescent at very 
base; stigma-lobes surpassing the indusium 1—1.5 mm.; capsule 7-10 mm. long, 
fusiform, obtusely 4-angled and with a median nerve on each face, apparently 
1-seeded. 

G. neomexicana is undoubtedly very closely related to G. biennis and 
differs by being less branched, lower, more perennial, with larger fruits 
and flowers and a more western range. I am recognizing two varieties 
which differ from each other in much the same way as do those of G. 
biennis. 

KEY TO VARIETIES 


Stem spreading-villous as well as short-pubescent; inflorescence with some gland-tipped hairs as 


well as non-glandular ones. So. Colo. and New Mex..... 4a. G. neomexicana var. typica 
Stem appressed- and short-pubescent only; inflorescence with non-glandular hairs only. No. 
Colo.. so assesses. 4b. G. neomexicana var. coloradensis 


4a. G. neomexicana Woot, var. typica n.nom. 

G. neomexicana Woot., Bull. Torrey Club 25: 307. 1898. 

Hair on stem of two kinds: long spreading and short appressed; inflores- 

cence with gland-tipped and non-glandular hairs. 

Type locality, White Mts., Lincoln Co., New Mex. Material seen, 
COLORADO: Piedra Paradra, Newberry in McComb Exped., 1859 (US); 
Piedra Creek, Wooton 2738 (US); Piedra, La Plata Co., Baker 491 (NY, 
P, US); Pagosa Springs, Archuleta Co., Baker 490 (G, NY, P, US). NEW 
MEXICO: Chama, Rio Arriba Co., Standley 6783 (NY, US); White Mts., 
Lincoln Co., Wooton 204, type coll., (NY, US); Cloudcroft, Otero Co., 
Wooton in 1899 (G, NY, P, US); Tularosa Creek, 3 mi. south of Mes- 
calero Agency, Otero Co., Wolf 2768 (G, P); James Canyon, Sacramento 
Mts., Otero Co., Wooton in 1899 (US). 
4b. G. neomexicana Woot. var. coloradensis (Rydb.) n.comb. 

G. coloradensis Rydb., Bull. Torrey Club 31: 572. 1904, 

Hair of stem short and appressed, of inflorescence not at all glandular. 

Type locality, Ft. Collins, Colo. Material seen, COLORADO: Ft. 
Collins, Cowen, July 8, 1895, type coll. (G, NY), Cowen July 1, 1895 (US), 
meadows east of college, Crandall 1308 (NY). 
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5. GAURA MACROCARPA Rothrock, Proc. Amer. Acad. 6: 353. 1864-65. 


Apparently perennial from rather woody caudex, with several ascending 
herbaceous stems, these simple or branched, 2-6 dm. tall, more or less 
scabrous-hirtellous throughout, cinereous; basal leaves oblanceolate to oblong- 
lanceolate, 2-5 cm. long, sinuate-denticulate, more or less wavy, scabrous- 
hirtellous, hispid-ciliate, short-petioled; cauline leaves rapidly reduced up the 
stem, lower ones lanceolate, with 1 or 2 teeth on each side, 1-2 cm. long, 4-6 
mm. wide; upper ones linear-oblong, subentire, 5-15 mm. long, 1-2 mm. wide, 
all hispid-ciliate, subcinereous; floral bracts lanceolate to subulate, rather 
persistent, 3-5 mm. long; spikes few-flowered, 5-12 cm. long, scarcely, 
peduncled, nodding at tip, scabrous-hirtellous; hypanthium strigulose with- 
out, slender, 8-10 mm. long, short-pubescent within; sepals lance-linear, 6-7 
mm. long, strigulose, reflexed separately; petals white, turning red in age, 
rhombic-ovate, 5 mm. long and wide; stamens subequal; filaments strongly 
flattened, 3-4 mm. long; anthers 4-5 mm. long; style slightly surpassing 
stamens, short-puberulent at base; stigma-lobes ca. 1 mm. long; capsule 
canescent-puberulent, narrowly fusiform, straight or curved, slightly thicker 
in upper half, 10-15 mm. long, 1.5—2 mm. thick, terete, ribbed but not angled, 
sometimes somewhat narrowed at base into a short terete portion up to 3 mm. 
long. 


? 


Type locality, ‘‘valley of the Limpio,” west Texas. Material seen, 
TEXAS: White Rose Pass, Davis Mts., Cory, May 4, 1936 (P); Ft. Davis, 
Jones 25880 (P); Davis Mts., Tracy & Earle 127 (NY, US); Ft. Davis, 
Palmer 34558 (NY, US), Young 1681 (US); valley of the Limpio, Wright 
1079, type coll. printed “1879” by Rothrock (G, US); Limpio Mts., Ha- 
vard 125 (G, US); Jeff Davis Co., Cory 2137 (P); San Felipe Springs, Val 
Verde Co., Cory 8998 (P); Boquillas, Brewster Co., Cory 2139 (P); 17 
miles south of Alpine, Cory 9278(P). COAHUILA: San Lazaro, Castafios, 
Wynd & Mueller 145 (US) CHIHUAHUA: Chihuahua, Pringle 1497 in 
part (G), Palmer 195, in 1908 (NY, US). 

As I understand this species, it is quite near to G. odorata, but differs 
in being scabrous, having shorter leaves and narrow fruit. 


6. GAuRA LINDHEIMERI Engelm. & Gray, Boston Journal Nat. Hist. 5: 217. 
1845. 


Perennial, simple or branched at base, the stems erect, 5-9 dm. tall, 
strigose and sometimes also short-hirsute, usually freely branched above; 
lower cauline leaves spathulate to oblong-oblanceolate, mostly sinuate-dentate, 
or -denticulate, acute to obtuse, 3-9 cm. long, 7-15 mm. wide, subsessile or 
with short winged petiole, strigose; upper ones reduced, subentire; floral 
bracts ovate to lanceolate, 5-10 mm. long, thin, caducous, more or less villous; 
spikes simple, or usually branched and in open panicles 2-6 dm. long, on 
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peduncles 5 or more cm. long; axes glabrous or usually more or less pilose 
and also glandular-pubescent, nodding at tips; hypanthium usually reddish, 
slender, 5-8 mm. long, externally with scattered gland-tipped hairs and usu- 
ally some longer non-glandular ones, internally with white interwoven hairs; 
sepals more or less reddish, pilose and glandular-pubescent, 12-15 mm. long, 
lance-linear, separately reflexed in anthesis; petals white, changing to rose, 
spatulate-rhomboid, short-clawed, 12-20 mm. long; stamens subequal, the 
filaments slightly flattened upward, 10-15 mm. jong; anthers red, ca. 4 mm. 
long; style slightly exceeding stamens, pubescent at base; stigma-lobes ca. 
0.5 mm. long; fruit elliptic-oblong, about equally narrowed at both ends, 7—9 
mm. long, sharply 4-angled, each face 2 mm. wide, 1-ribbed and somewhat 
furrowed apically, subglabrous to scattered-pilose. 


Type locality, apparently Houston, Texas. Growing in prairie sod, 
southeastern Texas and adjacent Louisiana and Mexico. Representative 
material, TEXAS: Houston, Rose 18127 (NY, US), Palmer 12792 (G, 
NY, US), Munz 13339 (P); Sheldon, Reverchon 3842 (G, P, US); 3 miles 
east of Liberty, Liberty Co., Munz 13342 (P); 2.6 mi. east of Camp Jack- 
son, Hardin Co., Cory 19765 (P); Amelia, Jefferson Co., Cory 11091 (P); 
Beaumont, Reverchon 3841 (G, P, US). LOUISIANA: Jennings, Jefferson 
Davis Parish, Munz 13340 (P), Palmer 7612 (NY, US); Mermentau, Aca- 
dia Parish, Degner 5120 (NY); Centreville, St. Mary Parish, Munz 1588 
(P). MISSISSIPPI: Grant Batture Id., Howell 746 (US). COAHUILA: 
Saltillo, Nil in 1910 (G, NY). NUEVO LEON: Monterrey, Arséne in 1911 
(NY). 

This species is characterized by its large flowers, pilose sepals and ellip- 
tic fruit. It is rather variable in pubescence, such collections as Reverchon 
3841, Palmer 7612, and Munz 13340 being partly or quite hirsute. 


7. GAURA ANGUSTIFOLIA Michx., Fl. Bor. Am. 1: 226. 1803. 


Winter annual, or biennial?, 6-18 dm. tall, mostly erect, simple below, 
with open divaricate slender branches above; rosette-leaves narrowly oblanceo- 
late, 5-18 cm. long, 7-15 mm. wide, irregularly sinuate-dentate to almost 
runcinate, acute, narrowed gradually into a winged petiole which varies from 
1-7 cm. in length; main cauline leaves narrowly oblanceolate to narrowly 
lanceolate, subsessile or short-petioled, 3-6 cm. long, 5-8 mm. wide, subentire 
to sinuate-denticulate, acute; upper cauline leaves gradually reduced, lance- 
linear, 1-3 cm. long, 1-3 mm. wide, subentire; floral bracts lance-linear, 2—4 
mm. long, caducous; spikes 1-3 dm. long, very slender, simple or openly 
branched; hypanthium slender, more or less reddish, 3-5 mm. long, pubescent 
within with rather long curly hairs; sepals somewhat reddish, 5-7 mm. long, 
separately reflexed or more or less adherent in anthesis; petals white or pink, 
spatulate to spatulate-oblong, 4-6 mm. long; stamens slightly unequal, 4-5 
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mm. long; filaments somewhat flattened, glabrous, each with very minute 
fleshy basal scale; anthers oblong, ca. 1 mm. long, white to pinkish; style 
slightly exceeding stamens, pubescent in lower part; stigma-lobes ca. 0.5 mm. 
long; capsule elliptic to narrowly ovoid, rather sharply 3—4-angled, 5-10 mm. 
long, narrowed into pedicel-like base 0.5—1.0 mm. long, apparently 1-2-seeded. 

Exceedingly variable as to pubescence and length of capsule, of which the 
wings may be 3 or 4, both forms often occurring on the same plant. The fol- 
lowing varieties are not very clear, but having some definiteness in range as 
well as pubescence seem worth recognition. 


KEY TO VARIETIES OF G. ANGUSTIFOLIA 


Capsules pubescent; sepals pubescent. No. Car. to Fla. and Ala. 


Pubescence of sepals and capsules loose and spreading. 7a. var. typica 

Pubescence of sepals and capsules fine and closely appressed. Fla. 7b. var. strigosa 
Capsules and sepals glabrous. 

Stem, leaves and axes of inflorescence pubescent. So. Fla. 7c. var. simulans 

Stem, leaves and inflorescence-axes glabrous. Punta Rassa, Fla. 7d. var. Eatonii 


7a. G. angustifolia Michx. var. typica n.nom. 


G. angustifolia Michx., Fl. Bor. Am. 1: 226. 1803. G. undulata Desf., 
Tableau de |’Ecole de Bot., ed. 2, 196. 1815, nomen. G. fruticosa Jacq., Coll. 
1: 142, pl. 181. 1786 and Ic. Rar. 3: pl. 457. 1786-1793; not G. fruticosa Loefl., 
Iter Hispan., 248. 1758. G. longiflora Spach, Nouv. Annal. Mus. Paris 4: 380. 
1835. 

Stem strigose; leaves somewhat strigose, especially on the veins of under 
surface and on margins; inflorescence pubescent throughout short puberulent 
only (or with some longer additional hairs); capsule likewise pubescent, even 
short-villous. 


Type locality, ‘in Carolina inferiore.”” Ranging from No. Car. to Fla. 
and Ala. Representative material, WITHOUT LOCALITY: G. fruti- 
cosa, en h.v. paris 1787, Herb. Jussieu (Paris); Hort. Paris 1790 (BM, 
photo at G & P); “G. angustifolia,’ Herb. Michx. (Paris). NORTH 
CAROLINA: Vandemer, Pamlico Co., L. F. & F. R. Randolph 856 (G); 
Wilmington, Coville 149 (US). SOUTH CAROLINA: Beaufort, Lewis 192 
(NY); Pine Island, Harris C 19734 (US); 14 mi. east of Waterboro, Wie- 
gand & Manning 2160 (G). GEORGIA: Wilmington Island, Hopkins 24 
(NY). ALABAMA: Rosemary, Hale Co., Harper 3253 (NY, US); Cedar- 
point, Mohr in 1893 (US); Mobile, Mohr in 1895 (US). FLORIDA: near 
Jacksonville, Drummond in 1833, apparently type coll. of longiflora (G, 
K, photo at P), Curtiss 895 (G. NY, US); Lake City, Wiegand & Manning 
2161 (G); Ft. Pierce, Santa Lucie Co., Burgess 735 (NY); Cape Canaveral, 
Broward Co., Burgess 654 (NY). 
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7b. G. angustifolia Michx. var. strigosa n.var. 

Stem, leaves and inflorescence (hypanthium sepals, ovaries) finely strigu- 
lose. 

Type, Eustis, Lake Co., Fla., G. V. Nash 1464 ,July 16-31, 1894 (NY); 
isotypes at Gray and U. S. National Herbarium. Found in northcentral 
Florida. Material seen, FLORIDA: St. Charles, Rugel in 1843 (NY); 
Eustis, Lake Co., Hitchcock in 1894 (P); St. Petersburg, Beckwith 728 
(US); So. Jacksonville, Lighthipe 277 (NY), 276 (NY); Appalachicola, 
Gulf Co., Chapman (NY, US); Duval Co., Fredholm 234 (P), 5240 (US); 
Alligator Harbor, Tracy 7599 (US); Tallahassee, Berg (NY); Tampa, 
Garber in 1876 (US); St. Vincent Island, McAtee 1750 (US). 
7c. G. angustifolia Michx. var. simulans (Small) n.comb. 

G. simulans Small, Bull. N. Y. Bot. Garden 3: 432. 1905. 

Stems pubescent; leaves pubescent; inflorescence axes pubescent; hypan- 
thium, sepals and ovaries glabrous. 

Type locality, between Cocoanut Grove and Cutler, Dade Co., Fla. 
Range in southern Florida. Material seen, FLORIDA: Myers, Lee Co., 
Hitchcock 123 (G, NY, US); 8 miles southeast of Ft. Myers, Standley 474 
(G, P); Buckingham, Lee Co., Moldenke 1008 (NY, US); Miami, Garber 
in 1877 (G, US in part), Small & Small 4822 (NY), Small, Carter & Small 
3255 (NY); Silver Palm School, Dade Co., Small 2195 (NY); between 
Cocoanut Grove & Cutler, Small & Wilson 591 (NY), Small & Carter 
766, type coll. (G, NY); Miami Beach, Moldenke 584 (NY, US); between 
Miami & Kendall Station, Small & Carter 2606 (NY); Virginia Key, Britton 
102 (NY); Sykes Hammock, Dade Co., Small et al. 5765 (NY). 


7d. G. angustifolia Michx. var. Eatonii (Small) n.comb. 

G. Eatonii Small, Fl. S.E. U.S., ed. 2, 1353, 1375. 1913. 

Stems, leaves, inflorescence and fruit glabrous. 

Type locality, Punta Rassa, Lee Co., Florida. Material seen, Punta 
Rassa, Eaton 1107 (G), 1289, type (NY), Standley 261 (G, NY, US), 
12673 (US) Shell Island, Tracy 7598 (G, NY, US); Naples, Degner 4943 
(NY); Salvista, Moldenke 1032a (NY); Ft. Myers, Moldenke 917 (NY), 789 
(NY); Captiva, Lee Co., Orron in 1915 (US); Clearwater Beach, Beckwith 
in 1921 (US). 

8. GAURA FILIFORMIS Small, Bull. Torrey Club 25: 617. 1898. 

Biennial, erect, 6-25 dm. tall, more or less canescent-strigose throughout, 
simple at base, freely and divaricately branched above, the ultimate branch- 
lets almost filiform; rosette-leaves not seen; lower cauline leaves lanceolate, 
4-10 cm. long, 8-15 mm. wide, subentire to sinuate-dentate, acute, narrowed 
gradually into very short winged petioles; upper leaves reduced, lance-linear, 
acuminate, subsessile, quite entire, 1-3 cm. long, 2-4 mm. wide; floral bracts 


atietiiendintesinaie nena 





ch 


Di 


ar 
8h 


wl 
ca 
K, 
Ce 





- 65 


an- 


ton 


ita 
S),; 
)43 
789 
ith 


ut, 
ch- 
te, 
red 





ee ENE oe oe 


1938] MUNZ: GAURA 119 


almost linear, 4-6 mm. long, caducous; inflorescence of slender spikes in an 
open panicle, 1-3 dm. long, finely canescent-strigose throughout; hypanthium 
slender, 4-6 mm. long, strigulose without, with heavy white pubescence 
within; sepals narrow, 8-10 mm. long, usually more or less adherent in 
anthesis; petals ‘‘pink-purple,” about 7 mm. long, clawed, spatulate; stamens 
somewhat unequal, with flattened filaments 6-7 mm. long; anthers linear, 
2.5-3 mm. long, purplish; style pubescent at base, exceeding the stamens by 
2-4 mm.; stigma-lobes 0.4—0.8 mm. long; capsule quite sessile, canescent, 3-6 
mm. long, somewhat fusiform, 4-angled, each side with a median rib; seeds 
1-2 


KEY TO VARIETIES 
Hypanthium and sepals strigulose............... veeeeeeeess.. 8a. G, filiformis var. typica 
Hypanthium and sepals with spreading hairs. 
Hairs of hypanthium and sepals less than 0.5 mm. long, some of them gland-tipped........ 
ee eG Be eee RR 8b. var. Kearneyi 
Hairs of hyanthium and sepals about 1 mm. long, not gland-tipped.........8c. var. Munzii 


8a. Gaura filiformis Small var. typica n.nom. 

G. filiformis Small, Bull. Torrey Club 25: 617. 1898. G. exaltata Engelm. & 
Gray, Boston Journ. Nat. Hist. 5: 44. 1845, nomen nudum. 

Hypanthium and sepals with appressed non-glandular hairs. 


Type locality, Texarkana, Miller Co., Ark. Range, from Miss. and La. 
to Ark. and eastern Texas. Representative material, MISSISSIPPI: Bi- 
loxi, Tracy 5071, in part (G); Ocean Springs, Pollard 1021 (G, NY, US); 
Agricultural College, Oktibbcha Co., Pollard 1320 (G, NY, US); Shelton, 
Rhoades in 1931 (G). LOUISIANA: Opelousas, without collector (US); 
Alexandria, Hale (NY); Felciana & Opelousas, Carpenter (NY). ARKAN- 
SAS: Texarkana, A. A. & E. G. Heller 4138, type coll. (G, NY. US); 6 
mi. north of Hot Springs, Scully 377 (P); Ft. Smith, Bigelow in 1853-4 
(US). TEXAS: Richmond, Ft. Bend Co., Palmer 6655 (P, US); Houston, 
Lindheimer 239 number referred to under exaltata (G, US); Dallas, Rever- 
chon 39 (G); Morgan’s Point, Harris Co., Cory 8140 (P); 7 miles west of 
Dickinson, Galveston Co., Cory 11398 (P). 

This variety is often easily confused with G. biennis var. Pitcheri, but 
in a mature enough condition, the more sharply angled fruits of filiformis 
are distinctive. 


8b. G. filiformis Small var. Kearneyi n.var. 

Hypanthium and sepals with some very short spreading hairs, some of 
which may be gland-tipped. (Hipantium et sepala cum capillis curtis divari- 
catisque, cum alteris glandulosis.) 

Type, from along railroad track, Starkville, Miss., Sept. 28, 1896 T. H. 
Kearney Jr., (NY). Other material seen, ALABAMA: Cocoa, Choctaw 
Co., Schuchert in 1896 (NY, US). MISSISSIPPI: Biloxi, Tracy 5071, (NY 
in part, US), Lloyd & Tracy 224 (NY); Ocean Springs, Seymour 84 (G). 
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TEXAS: seven miles west of Lufkin, Angelina Co., Cory 10633 (P); Ros- 
ton, Lamar Co., Cothran 17479 (P); Newton, Newton Co., Cory 10906 (P), 
8c. G. FILIFORMIS Small var. Munzit Cory. 

Hairs of hypanthium and sepals non-glandular, spreading, ca. 1 mm. long. 

Type locality, 63 miles north of High Island, Chambers Co., Texas. 
Specimens seen, 6} miles no. of High Island, Texas, Cory 20179 (P), 20180 
(P); 64 miles west of Alvin, Brazoria Co., Cory 11399 (P). 

9. GAURA SUFFULTA Englm. ex Gray, Boston Journ. Nat. Hist. 6: 190. 1850. 

Apparently winter annual or biennial, 2—8 dm. tall, usually few-branched 
at base or above, and ascending, sometimes simple and erect; stems spreading- 
villous in leafy portion; basal leaves in a rosette, oblanceolate, 5-18 cm. long 
1—2.5 cm. wide, runcinate-pinnatifid, usually subglabrous except for the villous 
margins, veins and petioles; petioles winged, making up }-} length of whole 
leaf; cauline leaves rather crowded, oblanceolate to lanceolate, 4-10 cm. long, 
1—2 cm. wide, acute, sinuate to subentire, short-villous on veins and margins, 
with winged petioles 4-15 mm. long; uppermost lance-linear, 1-3 cm. long; 
floral bracts glabrous, oblong-ovate, 6-10 mm. long, acuminate, reddish- 
veined, caducous; spikes glabrous, simple, becoming 1—3.5 dm. long, and on 
a naked, more or less villous peduncle 5-15 cm. long; hypanthium slender, 
somewhat reddish, 5-12 mm. long, with dense white pubescence within; 
sepals oblong-linear, with some red veining, 8-10 mm. long, reflexed singly or 
in pairs at anthesis; petals white, aging pink, oblong to oblong-spatulate, 9-10 
mm. long; stamens subequal filaments slightly flattened, 5-6 mm. long, with 
basal scale; anthers linear-oblong, 4-5 mm. long, somewhat reddish; style 
pubescent at base, somewhat exceeding stamens; stigma-lobes whitish, ca. 
0.6 mm. long; capsule sessile, ovoid, 4-7 mm. long, glabrous, wing-angled 
above, obtusely angled below, with median rib on each face; seeds 1-few. 

KEY TO VARIETIES 
Hypanthium glabrous, 5-7 mm. long; sepals glabrous except sometimes for ciliate margins... .. 
theta iatet i cD dl lah Gi A AM eit meee kin ang aie og 2 9a. G. suffulta var. typica 
Hypanthium glandular-puberulent, 10-12 mm. long; sepals glandular-puberulent............ 
ei hhhh ain knahes canes bese kh ee eae Resn Readabedrs tens owe . .9b. var. terrellensis 
9a. Gaura suffulta Engelm. var. typica n.nom. 

G. suffulta Engelm. ex Gray, Boston Journ. Nat. Hist. 6: 190. 1850. 

Hypanthium and sepals mostly glabrous except for some hair along the 
edges of the latter; hypanthium 5-7 mm. long. 

Type locality, New Braunfels, Texas. Ranging widely in Texas, rare 
in Okla. and Tamaulipas. Representative material, OKLAHOMA: Ar- 
buckle Mts., Murray Co., Goodman 2448 (P). TEXAS: Austin, Hall 212 
(G, NY, P, US); New Braunfels, Lindheimer 611, type coll. (G, NY, US); 
Dallas, Curtiss dist. 896 (G, NY, US); San Antonio, Clemens 697 (NY, P); 
Midland, Midland Co., Cory 8743 (P); Ozona, Crockett Co., Jones 25878 
(P); Five-mile Creek, Upton Co., Cory 583 (P); Ranch Experiment Sta- 
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tion, Edwards Co., Cory 15268 (P). TAMAULIPAS: Matomoros, Ber- 
landier 2313 =883 (K, photo at P). As an escape at Philadelphia, Pa., 
Martindale in 1882 (US). 


9b. G. suffulta Engelm. var. terrellensis n.var. 
Hypanthium and sepals glandular-pubescent; hypanthium 10-12 mm. 
long. (Hipantium et sepala glanduloso-puberulenta; hipantio 10-12 mm. longo.) 
Type, Sanderson, Terrell Co., Texas, Mayl, 1934, Cory 8469, Pomona 
College Herbarium No. 200873. Known from a single collection. 


10. GAURA GRACILIS Wooton & Standley, Contr. U.S. Nat. Herb. 16: 153. 

1913. 

Apparently biennial to short-lived perennial, branched at base, bushy, 
the stems slender, often reddish, hirsute or villous, simple or usually branched, 
ascending, 4-9 dm. high; basal leaves oblanceolate, sinuate-dentate, 4-10 cm. 
long, villous especially on margins and veins, with short winged petioles; 
cauline leaves rather numerous, linear or linear-oblong, entire to repand- 
toothed, more or less wavy, glabrous to stiff-pubescent, mostly 1—4 cm. long, 
1-3 mm. wide, subsessile to very short-petioled, acute to obtuse; bracts of 
inflorescence ovate, acute to acuminate, ciliolate, 1-2 mm. long; spikes 
slender, simple or few-branched, relatively few-flowered, becoming 5-20 cm. 
long in fruit, on peduncles 5-15 cm. long; hypanthium reddish, slender, 5-7 
mm. long, pubescent within; sepals reddish, linear, 4-5 mm. long, separate in 
anthesis; petals white to reddish, oblanceolate, 5-6 mm. long; stamens sub- 
equal, the filaments somewhat flattened, 4-5 mm. long; anthers reddish, ca. 2 
mm. long; style exceeding stamens, pubescent at base, the stigma-lobes ca. 
0.2 mm. long; capsule quite sessile or short-stipitate, ovoid-pyramidal, sharply 
4-angled, mostly 4-6 (9) mm. long, and 2-2.5 mm. wide, glabrous, somewhat 
wrinkled transversely. 

This species has been included in G. suffulata, but differs in its narrower 
cauline leaves, smaller flowers, and more western range at a higher altitude. 
It intergrades withG. Nealleyi to some extent through the forma glandulosa. 


KEY TO VARIETIES 

Calyx and hypanthium minutely strigillose to glabrous. ......... ...10. G. gracilis var. typica 
Calyx and hypanthium with short gland-tipped hairs.......... ..10b. G. gracilis f. glandulosa 
10a. Gaura gracilis Woot. and Standl. var. typica n.var. 


G. gracilis Woot. & Standl., Contrib. U. S. Nat. Herb. 16: 153. 1913. 
G. podocarpa Woot. & Standl., l.c., 154. G. strigillosa Woot. & Standl., l.c. 
G. brassicacea Woot. & Standl., l.c., 152. 

Hypanthium and calyx minutely strigillose to glabrous. 

Type locality, Forest Nursery, Ft. Bayard, New Mexico. Range from 
Ariz. to western Texas and Durango. Representative material, ARIZONA: 
$ mile west of Prescott, Yavapai Co., Wolf 2340 (G, P); Prescott, Peebles, 
Harrison & Kearney 8843 (G, P); Devils Canyon, Pinal Mts., Kearney 
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Peebles & Harrison 3194 (Sac, US); Pine Canyon, Chiricahua Mts., Blumer 
1601 (G, NY, US); Santa Rita Mts., Jones in 1903 (P); Garden Canyon, 
Huachuca Mts., Harrison & Kearney 5798 (Sacaton, US). NEW MEX- 
ICO: Ft. Bayard Watershed, Blumer 44, type coll. gracilis (G, NY, US); 
Ruidoso Creek, White Mts., Lincoln Co., Wooton in 1895, type coll. 
strigillosa (US); Silver City, Grant Co., Metcalfe 166, type coll. podocarpa 
(G, NY, P, US); Socorro, Vasey in 1881, type brassicacea (US); Mimbres 
River, Black Range, Grant Co., Metcalfe 1033 (G, NY, P, US); Pinos 
Altos Mts., Greene in 1880 (G, NY, P). TEXAS: Rankin, Upton Co., 
Cory 5136 (P); Converse, Bexar Co., Wolff 980 (US). CHIHUAHUA: 
Chihuahua, Palmer 204, in 1908 (G, NY, US); near Pilares, Hartman 796 
(G, NY, US); Soldier Canyon, Sierra Madre, Jones in 1903 (P). DURAN- 
GO: La Providencia, Nelson 4982 (US); Otinapa, Palmer 552 (US); Du- 
rango, Nelson 4619 (G, US). 

The intergradation from a strigillose to a glabrous condition is so grad- 
ual and complete, as is that from a non-stipitate to a stipitate condition 
that I am unable to maintain the entities described by Wooton and Stand- 
ley for recognition of these, such as podocar pa, strigillosa. I have not been 
quite so certain as to the status of G. brassicacea as of the others, and for 
that reason take up the name gracilis for this concept although brassicacea 
has page priority. I do agree with Wooton and Standley in maintaining 
this whole concept as a species distinct from suffulta. Their glandulosa 
seems to be a little more definite thing than the others, and yet, since it 
has no definite range or other characters, but is found growing with the 
typical form of the species, I am recognizing it as 
10b. Gaura gracilis Woot. & Stand. forma glandulosa (Woot. & Standl.) 

n. comb. 

G. glandulosa Woot. & Standl., Contrib. U. S. Nat. Herb. 16: 153. 1913. 

Hypanthium and calyx with short gland-tipped hairs. 

Type locality, Reserve, Catron Co., New Mexico. Ranging with var. 
typica, Representative material, ARIZONA: 3 miles east of Flagstaff, 
Munz 13002 (P); Willow Spring, Rothrock 233 (G, US); Santa Catalina 
Mts., Livingston & Thornber in 1906 (NY); Miller’s Canyon, Huachuca 
Mts., Goodding 250 (G, NY); Matzatzal Mts., Collom (NY, US). NEW 
MEXICO: White Mts., Lincoln Co., Wooton 339 (NY, US); Reserve, 
Wooton in 1906, type coll. (US). CHIHUAHUA: Colonia Garcia, Sierra 
Madre, Townsend & Barber 124 (G, NY, P, US); Sierra Madre, Nelson 6110 
(US). 

There is considerable variation in fruit length (from 5-12 mm.), but 
I am unable to maintain any segregation by use of it. 


(to be concluded) 
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» INDEX TO AMERICAN BOTANICAL LITERATURE 
1934-1937 


The aim of this Index is to include all current botanical literature written 
by Americans, published in America, or based upon American material; the 
word America being used in the broadest sense. 

This index is reprinted monthly on cards, and furnished in this form to 
subscribers at the rate of three cents for each card. Selections of cards are not 
permitted; each subscriber must take all cards published during the term of 
his subscription. Correspondence relating to the Index may be addressed to 
the Treasurer of the Torrey Club. 


Airy-Shaw, H. K. Symplococarpon Hintoni (Bullock) Airy- 
Shaw. Hooker’s Icon. Plant 34: pl. 3342. S 1937. 


A new genus from Mexico. 

Albaum, H. G. & Kaiser, S. The titration curves of 3-indole 
acetic, 3-indole propionic, and 3-indole butyric acids. Am. 
Jour. Bot. 24: 420-422. f. 1-3. Jl 1937. 

Arena, A. Influencia de la concentracion de los iones hidrogeno 
del suelo en el crecimiento de la alfalfa. Revista Argentina 
Agron. 1: 116-132. pl. 1+f. 1, 2. Au 1934. 

Arnon, D. I. Ammonium and nitrate nitrogen nutrition of 
barley at different seasons in relation to hydrogen-ion con- 
centration, manganese, copper and oxygen supply. Soil 
Science 44: 91-113. pl. 1-4+f. 1-8. Au 1937. 

Avery, G. S., Burkholder. P. R. & Creighton, H. B. Polarized 
growth and cell studies in the first internode and coleoptile 
of Avena in relation to light and darkness. Bot. Gaz. 99: 
125-143. f. 1-8. 27 S 1937. 

Azevedo, N. Observacées sobre uma doenca de virus em toma- 
teiro. Rodriguesia 2: 209-212. 1936. 

Babcock, E. B. & Stebbins, G. L. The genus Youngia. Car- 
negie Inst. Washington Publ. 484: 1-106. pl. 1-5+-f. 1-31. 
19 Au 1937. 

Babcock, E. B., Stebbins, G. L. & Jenkins, J. A. Chromosomes 
and phylogeny in some genera of the Crepidinae. Cytologia 
Fujii 1: 188-210. f. 1-6. Je 1937. 

Barkley, F. A. Studies in the Anacardiaceae. II. Ann. Missouri 
Bot. Gard. 24: 499-500. 27 S 1937. 

Barnett, H. L. Studies in the sexuality of the Heterobasidiae. 
Mycologia 29: 626-649. f. 1-3. S—O 1937. 

Bausor, S. C. Fasciation and its relation to problems of growth 
II. Changes from the fasciated to the normal state, witha 
discussion on the nature of the shoot. Bull. Torrey Club 
64: 445-475. f. 1-58. O 1937. 
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Beadle, G. W. Chromosome aberration and gene mutation in 
sticky chromosome plants of Zea mays. Cytologia Fujii 
1: 43-56. Je 1937. 

Beard, E. C. Some chromosome complements in the Cactaceae 
and a study of meiosis in Echinocereus papillosus. Bot. 
Gaz. 99: 1-21. pl. 1, 2+f. 1-65. 27S 1937. 

Beatty, A. V. A statistical study of flower doubling in Esch- 
scholizia californica Cham. Genetica 19: 447-464. 1937. 

Bell, H. P. The protective layers of the apple. Canadian Jour. 
Res. 15: 391-402. f. 1-10. Au 1937. 

Benatar, R. Sobre uma nova mancha em epicarpo de ‘‘Citrus 
sinensis’’ Osbeck causado pelo Phoma Puttemansii n. sp. 
Rodriguesia 2: 306-313. f. 1-6. Mr 1936. 

Blake, M. A., Nightingale, G. T. & Davidson, O. W. Nutrition 
of apple trees. New Jersey Agr. Exp. Sta. Bull. 626: 1-41. 
f. 1-16. Je 1937. 

Blossfeld, H. Beobachtungen iiber die Kakteenflora an den 
Quellen des Amazonas. Kakteenkunde 8: 113-115. dllust. 
Au 1937. 

Bonner, J. & Addicott, F. Cultivation in vitro of excised pea 
roots. Bot. Gaz. 99: 144-170. f. 1-3. 27 S 1937. 

Boswell, V. R. Improvement and genetics of tomatoes, peppers, 
and eggplant. U.S. Dept. Agr. Yearbook Agr. Res. 1937: 
176-206. f. 1-3. 1937. 

Brandwein, P. F. Experiments on latent infection of resistant 
varieties by the loose and covered smut of oats. Bull. 
Torrey Club 64: 433-444. O 1937. 

Bravo, H. H. Observaciones floresticas y geobotanicas en el 
valle del Mezquital, Hidalgo. An. Inst. Biol. Mexico 8: 
3-82. f. 1-24. 1937. 

Brooks, A. B. Castanea dentata. Castanea 2: 61-67. illust. My 
1937. 

Brown, A. B. & Cormack R. G. H. Stimulation of cambial 
activity, locally in the region of application and at a dis- 
tance in relation to a wound by means of heteroauxin. 
Canadian Jour. Res. 15°: 433-441. pl. 1. S 1937. 

Brown, C. A. Some wild flowers of Louisiana. Louisiana Con- 
serv. Rev. 4: 18-24. illust. Ap 1935; 4: 22-29. illust. Jl 
1935; 4: 32-37. illust. O 1935; 5: 12-23. f. 1-19. Ja 1936; 
5: 34-39. f. 1-6. O 1936. 

Brown, H. J. A new species of Vaucheria from northern Michi- 
gan. Trans. Am. Microscop. Soc. 56: 283-284. f. 1. Jl 

1937. 












+ earn 








1938] INDEX TO AMERICAN BOTANICAL LITERATURE 125 


Brown, R. W. Additions to some fossil floras of the western 
United States. U.S. Dept. Int. Prof. Paper 186-J: 163-— 
206. pl. 45-63. 1937. 

Bukasov, S. M. & Lechnovitz, V. Importancia en la fitotecnia 
de las papas indigenas de la America del Sur. Revista 
Argentina Agron. 2: 173-183. f. 1. D 1935. 

Bullock, A. A. Chaptalia Hintoni Bullock. Hooker’s Icon. Plant. 
34: pl. 3346. S 1937. 

A new species from Mexico. 

Bullock, A. A. Chaptalia nutans (Linn.) Hemsl. Hooker’s Icon. 
Plant. 34: pl. 3345. S 1937. 

A plant from Mexico. 

Bullock, A. A. Perezia Pringlei Robine. et Greenm. Hooker’s 
Icon. Plant. 34: 3347. S 1937. 

A plant from Mexico. 

Bullock, A. A. Senecio bombycopholis Buliock. Hooker’s Icon. 
Plant. 34: 3343. S 1937. 

A new species from Mexico. 

Bullock, A. A. Senecio moreliae Hemsl. Hooker’s Icon. Plant. 
34: pl. 3344. S 1937. 

A plant from Mexico. 

Bullock, A. A. Trixis decurrens DC. Hooker's Icon, Plant. 34: 
pl. 3348. S 1937. 

A plant from Mexico. 

Burkart, A. Frecuencia de la fecundacion druzada en la Alfalfa, 
segun experiencias con plantas recesivas de flor blanca. 
Revista Argentina Agron. 4: 83-100. Je 1937. 

Burkart, A. Las especies Argentinas y Uruguayas del genera 
Caesalpinia. Revista Argentina Agron, 3: 67-112. pl. 1-10 
+f. 1-6. Au 1936. 

Burret, M. Beitrige zur Kenntnis der Tiliaceae. IV. Notizbl. 
Bot. Gart. Berlin 12: 602-605. 6 D 1935. 

Burret, M. Palmae neogeae XI. Notizbl. Bot. Gart. Berlin 13: 
478-481. 30 Je 1937. 

Burret, M. Plantae Duqueanae. Notizbl. Bot. Gart. Berlin 13: 
489-500. 30 Je 1937. 

Calvino, M. La patata dolce. Staz. Sper. Floricolt. Sanremo 15: 
1-16. f. 1-13. 1936. 
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